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SECTION. 


KITTOE & BROTHERHOOD, 

lltttjiamcal (Bngiitttrs, |gliUforig|jts, anb Central |ronfoanbcrs, 

60, COMPTON STREET, X^ONJDGIST , E.C., 
MANUFACTURERS OF BREWERY, DISTILLERS’, AND PHARMACEUTIOAL PLANT, 
AND OF THE PATENT “ PARAGON ” STEAM PUMP, 

For Feeding Boiler*, Baiting Water, Ac., Ac. 

The “ Paraqos " Puiff is rccummciMli.'il on account of its simplicity, cheapness, compactness, efficiency, and economy of working. 
ffp r, , The main working parts consist of three only, vu ; — ^ 

tu S ^i^T and l ttT *P~ l * un 9 cr ' | ,■ 

m \ There arc no Gland* to the cylinder or pump. con* l N \Vr- 

■*? . ' ./?=•-. * ; -pAj ;\ secmmly the frlrttun and gmrial wear and tear are V ■ | g.wW 

jj [ijlrlSTP I [A reduced to a minimum, an J no IcakuR* can occur. ifO> pud 

Itj&Br E IfIiQIiJB*' BlSr' I By unscrewing the covers of the cylinder dfci* TT 1 ’|] 

ifReB'l r i?iv nlffliliriJ U,K * V »l v **che«t, the whole of the working part* may ' . , 1), 

Yjl'Mlj '©ft As Uk- working [aria are all Internal, there can bo 1 J fjj\] \il 

’wpX no tampering with (hrtu, mid ti»y are protected from J ■''J.j. - 

The Pomps are nude both single and double acting. !t[ Kl ; 

Tbs former are specially adapted for Boiler Feeders sSi. ; N 3 U 
i— 1 or injectors, and owing to their perfect oonatraettoo j '."''Ll 

«nd action, will afford a constant and steady supply wXfMtW 

They can be Ux»-d on the Boikr irselt, or at any J 

distance from it, and will pomp aitber hot. or cold 

L ^Vbees Putnpa require no shafting gewrlng, riggers, 

or S*1U*. and can be w<*rked at eUiit-r a low or high 

JjTlS^n They draw water from a depth of 25 fret, and force BHuff ' j 

it to heights In proportion to the various sizra. 

They are very simple and durable, und occupy k-as 


ELEV ATI ON . 


Of tbo various purpose* for which the Paaaecm 
pL-strs" are emiiR-LiUy suited, the following may b« 
cited : — 


For Pumping in Breweries. Tanneries, Distilleries, Paper Mills, Sugar Houses, Starch. Soap. Dye, and Chemical Works, Water, 
Gaa, and Sewage Works. For Draining Mines, Quarries, ami Irrigating Land — Filling Tanks at Railway Stations— As Fire 
Engine* for Factories, Towns, M a nsions . Ships, and Dockyards— Aa Fora Pumps for Hydraulic Presses. Lifts, Cranes, kc. 


WOOD IBIPTGKR.^'VIIN-Q-, 

FOR ILLUSTRATING BOOKS, PERIODICALS, CATALOGUES, Ac. 


WILLIAM J. WELCH 

Begs to call the attention of Publialiere, Printers, Authors, Engineers, Ac,, to his Establishment for the 
Production of every description and style of the above Art. 

BLOCKS FOR ALL DESCRIPTIONS OF COLOUR-PRINTING 

Executed in the finegt stylo of the Art. 

Offices : JiG, Wellinflftoii Street, Strand, London, W. O. 


ALEXANDER WILSON A COMPANY, 

ENGINEERS, 

VAUXHALL IRONWORKS, 

WANDSWORTH ROAD, 

LONDON, 8.W., 

N«r Nino Elm* Pier and Railway Station. 


Fjxcial attention u called to their 

IMPROVED PUMPS AND INJECTORS, 

which are now universally used by all tbo leading 
firms uf Engineers for Land and Marine purposes In 
all parts of the World- For excellence of Workman* 
■hip and low new of Price they are simply unrivalled, 
as they are produced by special Tools and Machinery, 
combined with division of Labour, otherwise they 
could not be produced at the price. 


REDUCED PRICE LIST. 


Those marked • are double action. 


Site. 1 
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Gall*, 
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9 
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A Large Stock always on hand. 
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PREFACE. 


Previous to tho publication of the present work, the want of a book of 
reference on Civil and Mechanical Engineering had long been experienced by the 
Engineer. A great deal of information of a useful kind had been recorded in 
the various Scientific Journals and Transactions of Engineering Societies, but 
it was given in a form not available for ready reference. Tho work so much 
needed is supplied, wo trust, in this Dictionary of Engineering, written 
mainly by practical Engineers well acquainted with special branches of their 
profession, and whose names will bo found in the List of Contributors. 

Use has also been made of a large number of works devoted to Civil, 
Mechanical, Military, and Naval Engineering, and of the published writings 
of eminent Engineers. 

Many subjects which ought perhaps to have a place in a complete work have 
been omitted, in the desire to confine the number of pages to something near the 
limit announced at the commencement ; but we may be allowed to add that 
no other work on Engineering has been published which contains such a 
variety and amount of information on the same class of subjects in a collective 
form. 

From the commencement of tho work until August, 1872, the editorial 
department was conducted by Mr. Oliver Byrne, assisted by Mr. Ernest Spon ; 
at that period Mr. Byrne ceased to be Editor, and the work lias lieen 
completed under the direction of Mr. E. Spon. 

Our thanks are specially due to G. G. Andre, Esq., C.E., for tho careful 
attention bestowed on the subjects entrusted to him; and we also return our 
sincere thanks to the kind friends who have assisted in the compilation and 
revision of the various articles. 

E. & F. N. SPON. 
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PREFATORY REMARKS. 


An outline of the plan and a view of the scope of this Dictionary wero given 
in the Publishers’ Address appended to our Specimen Part. The first division 
of this work, which the present volume contains, will Bhow the care with which 
that outline is being filled up ; and, so far as the range of this section goes, it 
will further show that the necessary skiE and expense aro being employed to 
render our ultimate design practically and usefully complete, as far as a positive 
knowledge of the subjects upon which wo treat is developed. 

When I was Professor of Mathematics in the College for Civil Engineers, 
at Putney (1840), I perceived how important a work like the present would 
be to experienced engineers, as well as to engineering students ; but it was not 
until the year 1850 that I designed and developed what I had previously 
perceived to be a requirement. This I effected in compiling and editing 
‘ Appletons’ Dictionary of Machines, Mechanics, Engine-work, and Engineering,’ 
which was published by the Appleton* lof Now York. But since 1850 numerous 
useful experiments have been made, important applications of the sciences to 
the arts developed and improved, new machines constructed, mechanical appliances 
invented, and new tools introduced. In fact, during the last nineteen years, the 
cultivation of the broad fields of civil, mechanical, military, and naval engineering 
have been so much cultivated and extended, theoretically and practically, that 
scarcely an article which appeared in my first dictionary can with propriety bo 
introduced in the present work. 

The first division is sufficiently extensivo to illustrate my design and to 
render apparent the plan upon which this Dictionary is compiled. The nature 
and mechanical properties of labour-saving machines arc fully explained in 
alphabetical order, and illustrated by suitable engravings of the best examples 
of construction. See Agricultural Engines. Aib-Enoine. Amalgamating 
Machine. Animal-charcoal Machine. Arming-press. Bank-note Print- 
ing Machine. Barley-dressing Machine. Barn Machinery, Battery, 
employed to crush auriferous rock. Blowing Machine, and so on. 

Peculiarly useful instruments, important tools, and ingenious mechanical 
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contrivances, however simple in construction, rcceivo particular attention. See 
Abacus. Addressing Machine. Cow -milking Machine. Agricultural 
Implements. Aib-pump. Anchor. Anemometer. Anvil. Auger. Awl. 
Balance. Ballast -wagon. Barometer. Barrow. Batea. Battery. 
Bell. Bki.lowr. Bell-trap. Fielden’s cast-iron chain Belt. Hand-tools, 
and so on. 

The great motor, Steam, will be treated of under several heads, namely, 
Boiler. Details of Engines. Engines, Varieties of. Locomotive Engines. 
Marine Engines. Pumping Engines. Stationary Engines. Indicators. 
Slide-valves. Steam and the Steam Engine. Valves. 

Water, Air, Animal Strength, and other motors, receive treatment similar to 
that of Steam. See Archimedian Screw. Barker’s Mill. Float Water- 
wheels. Overshot Water-wheels. Turbine Water-wheels. Undershot 
Water-wheels. Anemometer. Barometer. Windmills. Principle of 
Work. 

The means of applying power, of regulating its force, and of altering its 
direction to effect particular objects, will be fonnd under such heads as — Belting. 
Gearing and Couplin o. Parallel Motions. Regulators and Governors. 

Many subjects and departments of engineering skill stand so isolated and 
apart, that operations, constructions, machinery, and implements, connected with 
each of them, are given under one head. See Agricultural Implements. 
Alloys, employed in the useful arts . Artesian Wells. Asphalte. Assaying. 
Barracks. 

With respect to the mining and working of Iron, see Blast Furnace. 
Blowing Engines. Furnaces. Iron. Kilns. Ovens. Puddlinq and 
Puddling Machines. Rolling Mills. Squeezers. Steam-hammer. Steel. 
Tuyere. 

What is known to be useful and practical respecting the Mining, Metal- 
lurgy, and working of Copper, Silver, Gold, and of other metals and their 
alloys employed in the mechanical and useful arts, will bo found in alphabetical 
order. See Aluminum. Antimony. Arsenic. Bismuth. 

To these prefatory remarks it is unnecessary for me to add the alphabetical 
order under which I intend to range the machines, operations, abstract philo- 
sophical deduction, and specimens of skill belonging to Boilers, Bridges, Iron Ship- 
building, Railway Engineering, Casting and Founding, Irrigation, Waterworks, 
Harbours, Locks and CanaLs, Ordnance and War Material, Building, Docking 
of Ships, Electro-Metallurgy, Telegraphy, Damming, Boring, and Blasting, 
Practical Mechanics, Hydraulics, and the other great departments of Civil, 
Mechanical, Military, and Naval Engineering. The practical mechanic and 
engineer, especially if he has neglected the study of mathematics and chemistry, 
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should pay particular attention to the articles on Algebbaic Signs ; Atomic 
Weights; Equivalents; Isomohitusm ; Molecular Volume. 

In consulting this work, it is necessary to remind the general reader that 
technical terms and other matter printed in Italics, in most cases, refer to 
Mechanical Contrivances, Principles, or Processes explained in another place, in 
alphabetical order. 

It will be observed that this Dictionary furnishes a Glossary of English 
Engineering Terms in French, German, Italian, and Spanish : these terms will 
be arranged in alphabetical order at the end of the work in those languages 
respectively, to facilitate reference by French, German, Italian, and Spanish 
readers. 

With respect to my eoudjutors, it is necessary here to state that articles on 
special subjects are furnished by, or receive careful attention from, professional 
and practical men of the highest ordor, whose names will be givon, and whose 
contributions particularized, and all assistance acknowledged, in the general 
Preface. 

For myself I may be allowed to mention that during the last nineteen years, 
to which I have before alluded, I have written many works on Mechanics, 
Mathematics, and Engineering, which were published in England, France, and 
America, and which ncod not here be particularized; and further I may add 
that I have visited most of the great Mining and Manufacturing centres of 
Europe and America ; and I have been practically and professionally engaged in 
Railroad Engineering, Ship-building, Telegraphy, Bridge-building, Mining, 
Metallurgy, and other departments of Civil, Mechanical, Military, and Naval 
Engineering. These and other favourable circumstances and combinations are 
ray guarantees, under Him who rules all things aright, that this useful and 
practical work, partially developed in the present division, will in due time be 
brought to a successful issue. 

OLIVER BYRNE. 


LONDON, 2 ltl June , 1869. 
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DICTIONARY OF ENGINEERING 


A BACUS, and Instruments for Calculatin']. 

ABACUS. Fr., Tableau servant it calculer — Abaquc ; Gkr., RecKenhrtt, Siiulenplatte ; Ital., 
Abaco; SrAH., Abaco. 

A variety of more nr leas simple mechanical con tri ranees have boen invented, almost from time 
immemorial, to simplify and facilitate the ordinary calculations of daily life ; most of these con- 
trivances, besides having little real utility, are so well known, Ami have been so frequently 
described, thot a detailed description of them is here unnecessary ; it is sufficient to my that the 
Chinese and other inhabitant* of Ceutrnl Asia still use these simple mechanical aids in perform- 
ing calculations. 

Napier devised a sort of abacus, or instrument for calculating, based upon tho principle of 
rendering movable the columns of the ordinary multiplication table. The rods or hones of which 
this abacus is composed are termed Napier’s rods or l*»nes. 

It is necessary to observe tlwt each rod is divided into nine square*, and each square into two 
triangles, by a diagonal lino drawn from the left lower angle. Fig. 1 represents one of these 
rods with the figure 3 in the right-hand triangle of the first square, zero and single figures, 
1, 2, 4, Arc., to 9, being always placed in a similar position on the other rods. 

in Fig. I the sceoud square from the top contains 8, or twice 3 ; the third 9, or three times 3: 
the fourth 12, or four times 3; and so on, to nine times 3, or 27; whence the figure at the top, 
and multiples expressed by ainglo digits aro placed in the right-hand triangles, and the tens in 
the left-hand triangles. 

It is clear that tho faces which l**ar zero on tho top must necessarily bear zero on all the 
triangles. For example, take throe of the bones bearing on the top of their faces the figures 1, 9, 
and *2 respectively, aud place them together, as shown in Fig. 2: tho first lino will read 192, the 
second 384 = 19*2 * 2, with this proviso, thot the figures placet bettresn the satne diagonal lines, as 1,2, 
have to be addnl ; three times 192 rends 570 when the 3 and 2 between the diagonal lines are added, 
and so on to 9 times 11*2, which roads 1728 when tho figures 9, 8, and 1, 1. between the diagonal 
lines arc added. Tho apparent difficulty of this arrangement is by no means such as to deter any 
one from using Napier's rods, as a short practice suffices to render the use of those rods easy. 



Augustus Barra's calculating instrument, Fig. 3. has a finger-board, A, furnished with ten 
keys of unequal length, each of which, in consecutive order, is marked with one of the figures 
I, 2. 3, 4, Arc., to 10. When the key which bears the number that an operator desire* to add to 
another number, is pressed by the finger until it comes in contract with the stationary table D, 
the range of the angular motion given to the wheel C, which indicates the number to be added, is 
determined by tho length of the key operated upon. The effect of pressing a finger upon the 
key, and lever C with which it is connected, is therefore to impart an angular motion, to both 

' . * 
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the wheel and the lever proportional, to the digit which the key bears, that is, this motion will be 
smaller for tho lower and greater for the higher digits. The moving of the key starts a click or 
catch, connected with a small weight, in OOQfequeaoe of which tho wheel begins to turn ; the 
motion is stopped as soon as the key pressed upon by tho finger resumes its primitivo position of 
rest. 

Calculating Instruments of Dubois an-/ of Dunlop. — The calculating instruments of Dubois assist 
in performing tho elementary operations of arithmetic. In adding and subtracting, Dubois applies 
a series of small movable rules, upon tho surface of which is paiuted or engraved tho nine digits. 
In performing multiplication and division, Dubois makes use of an arrangement previously applied 
by Petit, in 1G71. This arrangement consisted of engraving the figures upon rectilinear rods, 
similar to Napier’s rods. There may be a real merit in applying old well-known methods in a 
useful manner, but this remark does not apply to Dubois’ adaptation of Petit’s arrangement ; for 
Dubois’ instrument, on account of its size, is far less commodious in use than many of the anti-pie 
instruments which have been employed to effect a similar purpose. 

Dunlop lias introduced two calculators ; his calculator No. 1, to perform multiplication and 
division, consists of a series of numl>cra, arranged in n tabular form mode up of movable parts, so 
adjusted as to make it quite easy to find the simple multiples of any given set of figures ; in reality 
this contrivance is an extension of Napier’s method. 

Form I., page 3, represents, on tho left side, the inner rear aide of the first page of Dunlop's 
tabulated form; the right-hand side represents . the movable slips, which are partly folded up and 
covered by each other, while on the right ends they are open and a digit is to be seen thereon. 
Tim use of the snid slips is sufficiently indicated by the printed inscriptions which they bear. It 
must be noted that the figures printed between brackets are in Dunlop's table distiuguislicd by a 
red colour. 

Ex. — Suppose one desires to know the price of 82) yards of silk at 13.t. 2 ■/. a-yard; to per- 
form this calculation one operates in the following manner : uncover the slip of the tens, No. 3, 
tho slip 2 of the units, and slip ) of parts of units, tho end of which is visible in A. Form I. : place 
the sheets which cover those you are in want of for your purpose u|>on the left-hand sheet, and 
Dunlop’s calculator will then exhibit itself to you as seen in Form II. At BC you read tho 
multiplicand 32), and in order to find the product by 13.*. 2*1., look first upon the column 
marked 13*. on the lowest lino; add together the two figures 0/. (is. ft/., 1/. 6i*. ft/., 19/. 10*. ft/., 
total 21/. 2s. ft/.; this is the price of 32) yards at 13.*. Look next to the column marked 2d., 
which gives a result of 5s. 5/. ; add this to the former result, and the sum total will be found to b© 
21/. 7*. 1 Id. 

The Dunlop calculator, No. 2, based upon tho same principle, is designed for the calculation 
of weights. 

The calculator. No. 3, is an instrument designed to facilitate the addition of partial products in 
cases when the multiplier is composed of several numbers ; it consists of a box containing small 
slate rules movable in horizontal grooves; the partial products are written down upon tlieso 
small slates, and since these are made to slide, it is easy to place tho products in tho order they 
respectively must occupy. 

Counters for Public Carriages. — There exist two kinds of tlieso instruments; namely, graphical 
counters and purely mechanical t/nes, all of which require the uso of clockwork. Tho so-called graphi- 
cal counters are so arranged as to note down the information, which it is of interest to the parties 
concerned to know, upon a piece of paper moved by clockwork : they are in fact self-registering 
instruments; but it is quite evident that such an instrument, since it requires the daily changing 
of tho sheet of paper, would bo a very inconvenient instrument to be applied by the proprietor of a 
large number of public carriages, as it is clear that it would require a pretty large number of 
clerks to take dowu ever)’ night the papers put up in each respective carriage in the morning, 
and to note down the particulars registered automatically. Tho mechanical counters, on tho 
contrary, are so constructed that it is possible to rood off at a glance, by means of a mechanical 
contrivance of more or less complicate structure, the work performed during the day and Die 
money received and to be accounted for. There exist contrivances of this kind wherein Dio 
graphical and mechanical arrangements ore combined. 

Various instruments both graphical and mechanical have been 
invented and used as automatic counters in carriages. We describe 
that of Bertrand and Addenet. The counter contrived by them is 
represented in Figs. 4, 5 ; the instrument is fixed on the carriage, 
behind tho coachman’s box, while towards the passengers, insido 
the carriage, are exhibited — 1, a dial-plate of a clock or timepiece, 
indicating the time; 2, a dial-plate, provided with hands, indi- 
cating the number of kilometres, or distance run over, tho hands 
being mechanically connected with the carriage wheels; 3, on the 
topof the said dial-plates a rectangular opening, showing the amount 
of the fare to be paid to tho coachman ; and 4, at the bottom of the 
instrument another opening is exhibited, bearing the words : — 
or 

Night, Day, 

since this refers to a different tariff of fares. 

The figures which indicate the amount of the fare, are engraved on two discs, one of which, in 
the Paris carriages, marks the centimes, the other the francs. Motion is imparted to these discs 
by means of clockwork, from the timepiece already alluded to. At the time of starting, the 
counter indicating the amount of fare, reads, 0 francs 50 centimes, and the amount of fare due, runs 
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up 10 centimes at a time. It it* possible by thin arrangement to use the instrument even for short 
distances. When a carriage is disengaged, there is exhibited outside, on the top, a Miiall tlag, M, iw. 
Rearing the word disengaged. The putting up of this ling by the 
coachman, has the effect, by means of proper mechanical con- 
trivances, to disconnect the toothed wheel work of the discs, and 
to bring the figures connected therewith, Imek to the first reading. 

If, with a view to fraud, the coachman should neglect this opera- 
tion, the instrument is so arranged that it guards agninst his 
fraudulent intention, and compels him to account for all money 
received, on his return home. 

Fig. 5 represents an instrument employed in Paris omnibuses, 
and is a modification of that shown in Fig. 4. 

T is a dial that shows the sum total : the outside figures 

on this dial represent francs, and the inner figures show the cen- 
times. 

I*, a dial indicating how often the carriage has passed tho 
barriers, and consequently shows the number of return tolls paid 
back to the driver, on his returning into the city. 

V, a dial indicating the number of passengers; on the outside 
of this dial, figures show the total amount iu francs, to which the 
constant 0.50 is added. t 

li, a dial indicating the time during which the carriage has been at rest. 

K, a dial indicating the number of kilometres, or distuucc run over, while the carriage was 
unoccupied. 

It is stated that tho movements of the hands, of these different dials, are extremely simple, and 
may always bo relied upon. 

The mode of transmitting the motion from the carriage wheels to the instrument is new, and 
may bo described thus : — 

Suppose a wire placed, ao ns to be quite free to move, but in the most limited space possible, 
inside a flexible sheath : the wire is, in this ]iarticular case, spiral, of very tightly woven steel ; tho 
inside wire may then bo taken to be a single central wire, which preserves its primitive length 
irrespective of the curve which the sheath makes, ami also, irrespective of the variations of the ends 
of the sheath. The sheath, fixed to the counting instrument on the one hand, and to the axle of 
the wheels of the carriage on the other, has more or less play, according to the play of the springs 
which support the carriage ; but the central wire always preserve* the same length, and it is this 
wire which transmits to the kiloinetrical, or distance counter, tho motion of the carriage-wheels. 
One of the front wheels of the carriage, bean upon its stock an eccentric, which at every revolution 
of the wheel, transmits nn alternate motion to a bolt or In-am placed on the axle-tree; u|K»n this 
beam, is fixed a piece which catches the wire contained in the sheath, and by this means a rack- 
wheel belonging to the distance counter is moved. I’pon the evidence of several, who have been 
for many years connected with tho Public Carriage Department in Paris, this arrangement, and 
every contrivance connected therewith, is pronounced to answer the purpose for which it was 
designed, in every respect. See Couxtke, steam-engine. I’i.animktek. Slide Ri le. 

ABATTIS. Fit., Abattis; < i eh., lerhav, Verkack ; Ital., .IWmWb/a, Tagluttu; Span.. Abatis, 

An nbattis is generally constructed with large branches of trees, sharpened and laid with tho 
points outward, in front of a fortification or any other position, to obstruct the approach of 
assailants. Abattis should lie so placed ns not to he exposed to the fire of artillery. In redouts 
or entrenchments they are usually fixed in an upright position against the ooutUertcarp, or at tho 
foot of the glacis, the plane of which last is broken so as to j* rnrit of their being laid out of 
the enemy’s sight, and so as not to interfere with the musketry fire from the parapet in their rear. 
Sec Fig. 6. Abattis is on excellent mode of blockiiig up a rood ; and when tho branches aro well 




and properly placed, and interwoven one with the other, the disengagement of them is extremely 
difficult, and to form an opening sufficient for the )*UMnge of artillery, or even of cavalry, requires 
a long time. An abattis can cosily be made by a few men, with half-a-dozen felling-axes and a 
cross-cut saw, and in a short space of time, if trees of sufficient si 2 o are near, or on the spot. It is 
more easily formed and gives more effective defence than palisades. 

An almttis should not be planted out of musketry-range ; for this and all other obstacles are to 
break up the order of the enemy’s advance, to im|*nle and keep him under musketry fire. The 
application of the nbattis should bo considered as purely local and not one of tho common resources 
for securing entrenchments, such os jxdisadrs, chevaus-de-frise, and fougasses, the materials for tho 
construction of these last being cajxible of conveyance from a distance. Hence localities may 
enable the engineer to obstmet a read, by dragging trees from the hedge-side and connecting tho 
defences of a position, by levelling groups of trees with their branches towards the enemy. 
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Shrubby freon nro not adapted to form n good abattis: they are easily forced anil drawm out by the 
band. Heavy trees with the trunk cut half-through form insurmountable obstacles ; this lHst is 
culled an Entanglement. See Fig. 7. 



ABATTOIR. Fn., Abattoir ; Geb„ ScMachthatu; Ital., Macello; Span., J fatadero. 

A public slaughter-house in a city ia termed an abattoir. 

ABSTRACTING DIMENSIONS. Fit., Epitome pour servir de guide a bten prendre • les dimen- 
sions ; Ger., E.inen Oegenstand aujinessen, Masse Zusammcnstcllcn ; Ital., Elenco delta tnisure ; Span., 
Bestfmen dr dimensions. See LABOUB, trained. 

ABUTMENT. Fb., Cultfe, Butte ; Ger., WkMager; Ital., Coscia ; Span., Estribo, Botarel. 
See Arch. 

ABUTTING JOINT. Fr., Joint plat; Ger., Stumpfe Fugt ; Ital., Commettitura pinna ; 
Span., ‘Juntura plana. 

In carpentry, an abutting or a butt joint ia a joint in which the plane of the joint is at right 
angles to the fibres, and the fibres of both pieces in the same straight line. 

ACCELERATION. Fk., Accdltratio n; Gkk., Beschleunigung ; Ital., Acceleration*: ; Span., 
AceUracion. 

Acceleration is the increase of velocity in a moving body, caused by the continued addition of 
motive force. When bodies in motion pass through equal spaces in equal times, that ia, when tho 
velocity of the body is the same during the period that the body is in motion, it ia termed 
uniform motion, of which we have a familiar instance in the motion of the hands of a clock over its 
face ; but u more correct illustration is the revolution of the earth on its axis. In the case of 
a body moving through unequal spaces in equal times, or witli a varying velocity, if the velocity 
increase with the duration of the motion, it is termed accelerated motion ; but if it decrease 
with the duration of the motion, it is termed retarded motion. A shine thrown up in the air 
affords an illustration of each of these cases, the motion during the ascent being retarded by 
the force of gravity, and accelerated by the same during tho descent of the stoue. All bodies 
have a tendency to preserve their state, either of rest or of motion: so that if a body were set 
in motion, anil this moving force wore withdrawn, the body, if unopposed by any force, would 
continue to move with the same velocity it had acquired at the instant tin* moving force was 
withdrawn. Anti if a body in motion bo acted upon by a constant force, as the force of gravity, 
the motion becomes accelerated, the velocity increasing us the times, and the whole spaces 
passed through inrmising us the squares of the times ; whilst the proportional sjiucoh passed 
through during equal portions of time will be as the odd numbers 1, 8. 5, 7, &c. ; and the space* 
passed over in any portion of time, taken as a unit, will be equal to half the velocity acquired at 
the end of such time. Thus, at the end of one second, the velocity of a body falling freely near 
the surface of tho earth is said to be 32 £ ft. ; at tho end of 2 seconds, 2 times 32* ft.; at tho 
end of 3 seconds. 3 times 32* ft. ; at the end of 4 seconds, 4 times 82$ ft., and so on ; or 
generally, the velocity acquired by a falling body is equal to the product of the time of tho 
body's fall in seconds by 324 feet, w hich may be expressed by the simple equation — 

(Velocity in feet) = (Time in seconds) * 32* or v = t x 32$. 

The space described by a l»ody in one second will be half of 32$ feet = 16X feet : because tho 
velocity of the body in tho middle of the time will be the mean velocity with which it moves 
during that time. In like manner, the space described by the body in 4 seconds, will be 1 times 
2x32$ ft. ; because 4x32$ ft. i» the velocity at the end of 4 seconds, and therefore 2x32$ will 
be the mean velocity, or the velocity in tho middle of the time. But 4 times 2x32$ = 10 x it>i\ = 
4 5 x 1(4, * 9 . that is, the spuce described by a falling body in 4 seconds is equal to tho square of the 
time multiplied by the space described in 1 second. In the same manner, the relation of the 
space, s, in feet, and the tune t in seconds, is expressed generally thus, *=f*xl6^, 

Morin's Appiratus for Demonstrating the Lairs of falling Bodies , by meow of Uninterrupted 
Indications.-— Tho apparatus constructed by Morin, according to the instructions given him by 
Foucelet, to effect this object, consists of a cylinder A A, Figs. 8, 9. moved by means of a vertical 
axis, set in motion by means of clockwork, regulated by the pendulum D. The surface of this 
cylinder is Covered with a sheet of pajx-r ; a conical leaden weight, </, is made to move, guided and 
kept in its proper position, by guide-rods, at a small distance from the cylinder; to this leaden 
weight, is attached a small hair pencil with a fine point, and this pencil being previously 
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dipped into colouring-matter, the point of it touches and marks the paper. This cylindro-conical 
weight, ami the liair pencil, are represented on a large scale in Fig. 10. When an experiment is 
desired to Is- made with this np|mrntu*. the weight < I is kept at the upj>er j«rt of the ap|xiratus, 
by a set of tweezers E : after the cylinder has been set in motion, and this motion has become 
uniform, the string F is polled, by which the tweezer is unfastened, and consequently the weight 
</ falls gliding down along its guide-rods, while the hair pencil marks simultaneously, on the surface 
of the |A|M<r placed upon the cylinder, a curved line, from which may be adduced, the laws of the 
moving Indy. 

When at the end of this experiment the paper is withdrawn from the cylinder, it will be observed 
that it contains two lint's, one G (J. Fig. 1 1, a straight line. per|*endieular to the axis of the cylinder, 
this lint? was tuarktd out, before the weight was allowed to fall ; the other, a curve line G Si H, to 
which O Q, is a tangent. When to different (mints of this curved line, as for instance, M m, 
tangents are drawn, and when through the (mints T ami t, where these tangents meet the straight 
line G Q, perpendicular lines are traced, it will be observed, that all these |M>rpemliculans jbiss 
through one and the same point F. This is a property of the curve, knnwu as the parabola, and tho 
point F, wherein T F ami t F meet, is the focus of the curved line. When from F, a straight lino 
is drawn perpendicular to G Q, a (>er(>cndicul&r, Q G', is found, constituting the axis of the parabola. 



of which G is the top, or summit. That point is the starting-point of the moving weight, which 
point could not be very readily perceived without this construction, since the vertex or summit of 
the curve is ouly exhibited bv the contact of the curved line m M and the straight line G Q. Lot 
ns now examine any (mint M of tho curve, and draw the rectangular co-onlinates 51 Q and M P 
with respect to the axes G G' and G Q. The vertical lino M Q represents the space, «*, travelled 
oyer bv the moving weight in a given time, t. The horizontal line 51 P r ep res e nts the arc of the 
circlo described in tho same lapse of time by any point of the surface of the cylinder ; let r be tho 
radius of tho cylinder, w the velocity, which is taken for granted to l»e constant: the arc in ques- 
tion, therefore, has for its measure u r t. But since the curve described is a parabola, there exists 
between tho co-ordinates of the point 51. the relation 

(MPp = 2/>(5IQ); [1] 

calling p the semi parameter. By substituting for 51 P and 51 Q their respective values, we have 

whence . - $ [2] 
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Equation [2] show* that the space described by d is proportional to the square of the time. The quantity 
/\ is the double of the distance G F from the summit, or vertex, to the focus ; by designating thin 
distance by A, we have j pz 

‘ = "a Tit *• 

while the acceleration duo hi the gravity is 

— TF‘ ™ 

Ono might calculate <7 = 32*2, from [3], but A cannot be measured to n sufficient degree of accu- 
racy. Hut we deduce [4] from [3] by putting u for w r, 


that is to say, the distance G F from the Up of the parabola to the focus, is the height due to the velocity 
of any given point of the cylinder. The parameter of the parabola becomes greater when the cylinder 
rotates more rapidly. 

The law of the velocities may be deduced from equation [2], by taking the variable c with 
respect to the time ; 

l>3 

whence v = —jy t ; [5] 

it hence follows that the velocities are proportional to the time. Geometrical considerations 
establish the sumo law. For the curve G Si H described by the moving-weight is the represent- 
ative curve of the motion. By taking G P as the ails of j, and G G' us the axis of y, the 
equation of the curve becomes x - 

y = 2 y 

And the angular coefficient of the tangent, or the differential of y, with respect to x, is 

** mCm?.. m 

dx p L J 

This angular coefficient is proportional to the velocity ; now x is proportional to the time, and 
therefore the velocity is pmjtortiottai to the time. But equation [6j would not give exactly the 
value of the velocity ; since, for x = «r(,wo should have 


a value differing from expression [5], This is because the uuits of time and space are not repre- 
sented by the same length, which condition ought to exist iu order that the angular coefficient of 
the tangent to the curve of space, he equal to the velocity of the moving weight. 

The units of work conserved in a body weighing W 11s*., moving in any direction a b, or cd, 
straight or curved, with a motion being either retarded or accelerated, may be readily found when 
the velocity r, in feet a second, is know n ut P, any J2 

]w>int of the path described by the bofty W. Fig. 

12. The units of work accumulated in a moving a 

body is equal to the square of the velocity iu feet / 

a second, multiplied by the weight of the body in / 

lbs., and divided by 2 x 32*2. The m iss (m) of / 

a body is a constant quantity at all heights and /V~— ^ / 

in all latitudes, while the weight W und the / \ 

value of g are variable ; but m = ^ under all w \ \ 

circumstances. There is much uncertainty and \ / p j b 

error involved iu the methods employed by phi- \/ J 

loaophcrs to find the value of a in different places. a 7 

In this work, for the want of knowing better, g is J 

put = 32*2 feet. That is, a body falling from a / 

state of rest is supposed to l*» moving at the -end / e 

of the first second w ith a velocity of 32 ’2 feet a 

second. When wo say absolutely and without other explanation that the quantity g, which 
expresses the acceleration produced by gravity, is the measure of this force, we give an 
incorrect idea, since g is in reality only the velocity imparted to or taken from a body by 
gravity during each second of its action, aud the velocity which is expressed in feet cannot measure 
u force which should be com [sired with pounds. The product of the mass w, mid the velocity 

r = ■— r, has received the name momentum ; it is a conventional phrase, to which we attach no other 
signification, than that of tho product of the mass, into the velocity inqnrted to or taken from it. 
If tho weight w = 193 lbs. where g = 32J ft., tlu-n the mass will lie = .5.,^ = 6. In Paris g is said 

to be = 32*1817 ft., in which place «c would be = 193*0902 lbs. ; but tho mass remains unaltered, 
193*0902 

for 32 t 1 ^ J7 = 6 also. A body W at tho point P, weighing 230 lbs. moving in any direction with 

' * , 11* X 230 

a velocity of 14 feet a second bos accumulated in it 700 units of work, for “ '^0. 

Suppose two weights, F and E, Fig. 13, weighing *4 *9 lbs. and 7 lbs. respectively, to be con- 
nected oy a cord, I C D, that goes over a fixed pulley C, as in Atwood's machine ; the space through 
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which E must descend to acquire a given velocity, say 2-3 feet a second, may be found on the principle 
of i cork without direct reference to the acceleration of the bodies in motion. Thus, the units of work 
iii.ovt x 4 *9 /o.gva y 7 

in F - - “ x (32*2) “ ’4025 ; the units of work in E — 2 y " (3 2* 2 ) “ therefore, tho total 

accumulated work in the lnidies E and P at the required position = *9775. Now if we suppose x to 
be the space passed over by each of the weights, then the work of 
gravity on F = 4*9 x x; and the work of gravity on E = 7 x .r; 
us the work performed on F has been produced by the work of E, 
the work existing in tho bodies is also represented by the differ- J 

ence of 7 x x and 4*9x* = 2*lx*. Therefore 2 1 x x = *1)775, 

whence x = ^ fo®t = 5 ^ inches. /f ^S\ 

Again, suppose a weight of 9 lbs. to act upon a weight of lr — lf\W t / 

71bs. over a pul lev C, Fig. 13; the time taken for the greater \\ \\YvW/ JJ 

weight to descend a given number of feet (100), and tho — j Kn r — 

common velocity of loth bodies, may be determined on the k-J T~~ 

principle of work, without direct reference to acceleration. For / /“\A 

9 lbs. — 7 lhi. = 2 lbs., and 100 x 2 = 200, the units of work in /y 

both weights. Then if r be put for the velocity, the units of f . 

work In both bodies will also be expressed by • ^y\ J ) 

whence = 200, and c = 28 • 3725 feet, tho velocity at tho L ~ - ri i i i i ^ 
end of 100 feet. Then the mean velocity = 11*1862, and 

. — = 7 05 seconds, tho time of descent. 

14*1862 

ACHROMATIC LENS. Fr., Lmtille achromatiquc ; Ger., 

Ackrmnfilische Li use ; Ital., Lenle aerwnatica ; 8i*an., Lenlc j T 

ucrxmidtico, I 

Those optical instruments and lenses which suffer the rays of 
light to )*».•* through them, without decomposition, nre eidled J • 

tichrumatic, which signifies without colour. 8ee Optical Instkl- ~t Q u 

MENTO. U— 

ACRE. Fr., Acre — 40 4671 acres = 4836 *7. yards; Ger., r~ 

Acker. — Morgen Jemdes = 3291*2 sq. yards; Ital., Campo irujlcsc ; 

8PAN,, Acre — 4046 87 metros cuadrttdos. Q |T 

A measure of land containing 4 *piare roods, or 160 square P (~S| j_ 

perches, is term<*d an acre ; tho English acre of hind contains •— * L 

4840 square yards. \— 

ADDRESSING MACHINE. Fr., .Machine pour faciliter — 

V impression if un grand nmnbre d'adresses de let tree ; Geu., Kink lor- Jja 

rich tuny (Limit man schr schncll B riefen-adtvssen schreiben kann ; Ital., t — 1 {(""V K 

AfacchuM da indirizzi ; Sr ax., Mdquina para imprimir sobres, <Jv, \ [T pj^^l 





X > I An addressing machine is a 

) machine for inserting the nd- 

J . 1 l [lie dresses of letters and other 

/ y V V similar nrticles. 

/ y I \\ Jbdrfliibl lltLi i.} The addressing machine of 

tsr N. E. & G. W. Warren, Fig. 14, 

( At L 1 ifj 1 \ consists of a curved arm, C, 0 |x*- 

V j j 1 ) rating on a platen and worked 

— w J y V - - - } 1--- by a treadle. 

llio curved levers or anus, 

C, C\ nre operated by the bent Bpring G, in combination with the adjustable head D, and tho facts 
</, d\ The fnU F', rock-shaft 1/ slothed arm L" and adjustable rod J, are worked by the quad ratchet I, 
ADHESION. Fb Adhesion ; Ger., Anziehun-jskraft ; Itai... Adercma ; Scan., Adhesion. 
Adhesion is the union of the surfaces of 1 todies when brought together, and is measured by tho 
force which is requisite to separate them. Adhesion may l>e either natural nr artificial. It is not 
to be confounded with Cohesion, with tiracitation, nor yet w ith the pressure of tho atmosphere upon 
an external surface when the air is removed from beneath it. The power or degree of strength 
w'ith which bodies unite is called their force of adhesion. Devon found that a nail driven into 
Christiana deni required 170 lbs. to extract it ; in green sycamore, it required 312 lbs.; in dry oak, 
aUs |im. ; in dry beech, 667 H>s. A screw holds three times ns strongly as a nail of similar length ; 
and in most light timbers n nail driven across the grain holds with twice the force of one driven 
with the grain. In oak and elm there is not ao much difference. Well-glued surfaces of dry ash 
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bold with a force of 715 lbs. to the square inch if the glue be new; Scotch flr with an adhesive 
force of 562 lbs. to the square inch. 

The adhesive force on railroads may lie estimated approximately from the simple expression 
r x t , usually written ct , in which c is the co-efficient of adhesion for the driving-wheels of tho 
locomotive, and t the weight of tho locomotive in tons, which rest on the driving-wheels. Tho 
udhesive force of the driving-wheels, ext, must always be greater than the retractive force, 
22 * 4 x / x h nearly, in which A is put for the vertical rise in feet for each 100 feet of road. 
Approximate results may be readily obtained by putting o = 070* when the rails are dry ; = 560* 
when the rails are very dry; = 450* under ordiuary circumstances; = 314 - in wet weather; and 
225’ in snow and frost. Ou horse-milrowla, or tramways in large towns, c varies from* 300* 
to 400* in snow and frost. The iutluence of the resistances operating on railway trains in motion 
will be generally discussed when wo treat of the experiments of MM. Krillemin, Gucbhard, and 
Dieudounc. See Dyjjamomrtek. BniUnay Car. 

The force of adhesion will be better understood from its practical relution to friction, and to 
tractive and retractive forces. 

Suppose the area (A) of one of the two cylinders of a locomotivo *= 400 square inches, Fig. 15 ; 
stroke (S) of piston = 1*5 feet ; mean pressure (P) on the square inch = 96 lbs., and the diameter (D) 



« being very nearly = — 0— when M is the miles an hour and » tho revolutions of the driving- 

» A S P 

wheels a minute. Then the actual horse-power (H) of tho locomotivo, Fig. 15, = iqoq = 


-n-fl D~ * ^ per oeu ** * 8 P enerft Uy allowed for tho friction of tho locomotivo machinery 

and the power required to work the pumps. 

Suppose a locomotive, Fig. 10, weighing 18 tons (4), to be placed on an incline rising 8 feet (A) 
in 100; the length (»S) of the stroke of the piston = 2 feet ; area (A) of piston = 320 square inches ; 
the pressure (P) — 75 lbs. on tho square inch; (c) the coefficient of adhesion = 500*, and tho 
diameter (D) of the driving-wheels = 4*5 feet. Required tho tractive force , retractive force, and 
the force of adhesion. 


Tractivo force = — 22*4 x t h = 75 _ g2 *4 x 18 x 8 = 7441 lbs. 

The retractive force 22*4 x t x h being = 3225 *6 lbs. 

c x t x 6 

The base (6) for the rise 8 in 100 = 99*68, whence tho force of adhesion — jqq— = 


5450 x 18 x 93*08 
100 


10047*744 lbs. 


But since 10047*744 is greater than 3225*6 lbs., the locomotive can ascend the incline with a 
tractive force of 10047*741 — 3225*6 =■ 6822*144 lbs., and without the driving wheels slipping. 

Putting T for tho weight in tons moved on wheels, and suppose T to include the weight 
of carriages on common roads and the weight of carriages, locomotive, and tender ou railroads, 
then on railroads the tractive coefficient (A) in lbs. to the ton in T varies from 4 to 8 lbs. On 
railroads in good condition, with axles well lubricated, k = 4 lbs. to the ton in T; on railroads 
and tramways under ordinary circumstances, k = 7 ; for roads not in very good condition, k = 8. 


In ordinary traffic — k 

On very smooth stone pqycmcnt .. .. .. .. = 12 

On ordinary street pavements in good condition .. .. .. = 20 

On some pavements and turnpike roads .. .. .. .. = 30 

On turnpike roads newly laid with coarse gravel and broken atones .. =50 


On common roods in bad condition, k — 150, and k becomes as high as 560 on natural loose 
ground or on sand. 

While comparing the lbs. in (A) and the tons in (T), it must not be forgotten that t has been 
put for merely the weight of the locomotive in tons, which rests on the driving wheels. To 
illustrate this matter, let it be required to find the retractive forco of a train (T) = 150 Urns, 
Fig. 17, moving with a speed (M) = 25 miles an hour ou a horizontal line of railroad in tho best 
condition, or when A = 4. 

Tho retractive forco is nearly = T (A +• Mj = 150 (4 + \ f 25) = 1350 lbs. ; this force 
must bo leas than ext, tho adhesive force. The actual horse power (II) of tho locomotivo is 

nearly equal to "373 (A x V 51). Let it bo required to find the horso-power (H) necessary to 
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draw a train (T), Fig. 18, = 137 tons, up an incline of (A) = 9 feet in 100, with a speed (M) of 
25 miles, when k = & 

ip 25 x 137 

II = 37i (22 4 A + * + V ■»*) = 375 ' (22-4 x 9 + 4 + V 25) = 1923-5. 

18 . 


c f A 


The adhesive force -y, Hl must l»e greater than T (22*4 A + k -f v M). If (d) be put for the 

number of consecutive working hours of a horse, (r) tin* velocity in feet a second, and (P) the 
weight of a hone in lbs., then. Fig. 19 we have the approximate formula. — 

. F s T(A + V M): t> s 1-400 M; and 
550 375 


(/ M *J d 


— the ability of a horse. 


Whence the tractive ability (F) of a horse running five miles an hour in four (J) consecutive 

hour* = - 7 — = 37*5 lbs. Lastly, let it l*e required to find the tmetive force F of n load T 
° V * 

= in tons, to 1 h* drawn M - 2} miles an hour, up a turnpike road. Fig. 20; A = 8 feet in 100; 
k = 50, the rwul beiug newly laid with coarse gravel. The following formula; will approximately 

■I'I»ly : — 

F T(22-4 A + k + Vtl); M = 682 «: 

, „ 8S0 t’A 

11,1,1 P ~ r^,/ _ 1IH)' 

F = 10 (22-4 x 8 + 50 + a/TT2!>) = 2307 lb*. 

Suppose a hone to weigh t' m 1000 lhs. and to work continually, d = 1 hour, up this turnpike 

375 iooo x 8 


road; the tractivo ability of this hone will lie 


numlier of liorsoi required = — 


2307 


s*Vi 


100 


= 80’ lhs. Hence the 


= 27 nenrly. 


ADIT. Fn., Passvje, Qalerie (iVt'cmlnnrnt 
tTeau din* It* min *-.*) : Glk.. Zugmuj, S toiler* ; Ital.. 

Adi to ; SPAX., (inleria dr in m rnino. 

The horizontal opening by which a mine is 
entered, or by which water ami ores nrc carried 
away is termed an adit. The woodcut represents 
an exaggerated section of part of the underground 
workings of a mine ; 6 is the shaft, n and c the 
adits, and I the lode; c is called the shallow adit 
and <i the deep ndit. 

ADZE. Fr., Iftrminrtte ; Ger., Knunmaxt , 
ilohlcirm ; Ital., Ascit i; Sr as., Axurta. 

An adze is a tool for chipping, formed w ith a 
thin nreliing blade, ami its id go at right angles 
to the handle. The edge is only bevelled on the 
inside. See Hand Tools. 

AFTER-DAMP. Fk., Mofiite * ; Geb., B6s<*, orfrr tSdttndts Wetter ; Ital., Mtfitt; Span., Moftta. 

t ’link e-damp is often termed aftcr^kunp ; it is the carbonic acid gas which accumulates in mines 
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nnd wells ; this goa is called choke-damp because it often destroys life by preventing the respira- 
tion of air. See Ankmomktkr. 

AGRICULTURAL IMPLEMENTS. Fit., Out its employes a /* agriculture ; Gek., I^ndmrth- 
tchaftfiche (ler&th* ; Ital., Mtuxhineed utsn$iti agricot i ; Si an., l/tites ajrfcotas. 

Many of the agricultural implements introduced in this article are iu>t only well -arranged to 
effect too purpose* for which they are designed, but, at the came time, they will la? found, ua 
regards construction, to interest civil engineers generally, either in suggesting the application of 
some jHA'iilinr inechunirol principle, or in |K>iuting out combinations of machinery which may bo 
found useful beyond the limits of the field or farmyard. 

The annexed woodcut. Fig. ill, represents a [wtrtaMo steam-engine and windlass combined, as 
constructed by C. Burrell ; the windlass has a single «k»w of 5 ft. diameter, round which the roj»o 

SI. 


rmsMcs, and it is formed of a double series of small leaves, which on the least pressure clasp and 
hold the rope until it takes the straight line on the othof side, when the clips freely open and 
liberate the rope. By this simple appliance all crushing and short bends, which are so detrimental 
to the profitable use of wiro-rope, art? entirely avoided : this, coupled with the fact that on each 
jttasage of the implement the rope is only twice bent, and then only round large diameters, will at 
once show this system of using wire-rope to Is* most Advantageous. The small leaves are made of 
chilled cust-iron, which is not liable to much wear, but the leaves, when worn, can lie replaced at a 
trilling cost. The (tower is conveyed to the windlass by an upright shaft from the crank shaft. 

Fig. 22 represents the rope porters to he used along with the engine for agricultural purjtOHea 
just described ; these porters are placed along the fields at intervals of 10 yards, thereby 




keeping the mpe entirely off the ground. The outside ones ore mounted on three wheels, so as to 
allow them to he moved by the rope. 

Fig. 23 represents what is termed the anchor, which is shown attached to the working 
apparatus. This anchor is mnde to resist the side strain of the impleme nt worked, by the cutting 
oi’thc disc wheels into the ground. The nnrhor is moved along the headland by the motion of u 
5-feet sAcurc, which is turned by the ploughing rone, and as the (dough goes away from the anchor, 
the sheave winds up a rope stretched along the headland and kec|w tin* anchor opposite its work. 
The frame is made entirely of wrought iron. As the disc can he steered in any direction, the 


Digitized by Google 





Fig. 25 represent* the portable farm railway of W. Crossbill, which may sometimes bo of use to 
contractors, engineers, or builders. 

Fig. 20 represent* an improved horse gear or horse-nower for driving machinery ; it has a 
strong cast-iron bed-plate supporting the bearings of the horizontal ground shaft, and the step for 
the vertical shaft. To prevent accident, and as a protection from dust and dirt, the whole of the 
gearing, and working parts, ore enca«*l by a cast-iron dome cover, attenred to the bed-plate, by screw 
bolts. The main top bearing is adjustable by set screws, so Re to ensure uniformity of wear, and 
steadiness of motion. 

Fig. 27 represents the Ijonc-rnsping and grinding mill of Pickslcy, Rims, and Co. It is simple 
in construction, strong in its working parts, and produces at the first operation, 25 per cent, more 
dust tlmn the ordinary bone mill at present in use. 

The working process is as follows : 

Unbroken bones are thrown into the hopper, fall upon the cutting bed, and are pressed by food 
rums against the teeth of revolving cylinders in rapid motion. 

The reduced bones full into an oscillating or revolving riddle attached to the mill, in order to 
separate them into the two usual qualities, namely, dust and half- inch bones. 


i 
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Tbo coarser portion* of bone, which do not pans through the riddle, are then, by moan* of 
elevators, thrown again into the hopper, and re-ground with the unbroken bones. At the first 
operation the following proportions are obtained : — 

I hint 45 per cent, of the entire quantity ground. 

}-iuch bouo . . 30 „ „ „ 

Coarser matter (to bo re-ground) 25 per cent. 

This mill is adapted for grinding every description of bout**, irrespective of size and quality. 

The feeding of the mill is regulated alternately by the driving shaft, and by a counter balance- 
weight placed beneath the mill : by thi* contrivance, the bones are pressed against the cutter* 
without any undue strain being thrown on the working parts, and the possibility of breakage i* 
diminished. 
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The mill has an apparatus attached, for passing small pieces of iron which may accidently get 
into the hopper with the hones. 

Unusual facilities are given for keeping the cutters sharp and in working order, as they can he 
readily disengaged, sharpened on a grindstone, and replaced in working order by any intelligent 
labourer. 

Directions for Proper Use.— The mill tdiould he let level ujxin a solid foundation of stone, and 
secured by means of screw bolts. 

The caps on the liearinga should be firmly screwed down, merely leaving sufficient play for the 
shafts to revolve without unnecessary friction. 

The driving strap should be placid tightly upon the driving pullry, and the mills driven at the 
following speeds 

2 -horse power mill, 250 revolutions a min. 8-horse power mill, 150 revolutions a min. 

4-horse do. 225 „ „ 10-horse do. 150 ,, „ 

0-horse do. 200 „ .. 12 -horse do. 125 ,, „ 

The oil lmxe* on all the shafts should be kept well supplied with oil. 

Wln-n the knives require grinding they may be readily removed from the cylinder, by using a 
key of * iteel ns a drift: this o|»emti<>n is performed by holding one end of the drift against the 
siimll end of key, which keeps the knives in place, and striking the other end with a hammer until 
the key is backed sufficiently to lx* withdrawn ; by this means the spiml segment which kce|w the 
knives in place can be disengaged, and when the segment is removed, the knives are lilx-mted, and 
may be taken out. 

In replacing the knives, care should be taken that the keys are ho driven in, that they may 
clear the frame at the head and point, and the knife edge should pass the cutter bar without 
touching. 

The knives should bo ground daily, ns upon their shnrpness depends the satisfactory working 
of the mill, both as to quantitv and fineness of the dust produced. 

As the kuives wear, they should be kept up in the slots by strips of wood being placed under- 
neath them. 

Ueforc starting it is desirable that the mill be inspected, to sec that all bolts and nuts, are 
secure, and the knives firmly fixed in their places, and that the cylinder has sustained no injury 
in a previous operation. 

The chief aims of the application of mechanical power, ns a substitute for manual labour, aro 
to effect improvements in the results of Inliour, and to render them less expensive. The use of 
the hatul-finil to separate and detach com from its curs is now pretty generally superseded by the 
thrashing machine, which, in its main features, may lie culled a contrivance devised to supersede 
by mechanical means the use of the hand-tini], and thus to economize at the same time both time 
and Inliour, nnd secure a less wasteful mode of Kcpnmting the com and chaff from each other. A 
thrashing machine essentially consists of a rapidly revolving cylinder, with raised edges or 
beaters parallel to its axis ana standing ont from its surface. The cylinder or drum is covered by 
a concave surface at some two or three inches distant from the surface described by the edges of 
these revolving beaters. A feeding board extends radially nnd horizontally outwards from the 
cylinder, nnd near its termination are placed two feeding rollers, which, in revolving towards 
one another, not only rapidly draw the straw forward, but also hold it from going too fast, which, 
under the notion of the beaters, would be liable to hnppcn. The beaten straw, with the chaff and 
grain lying loose among it, is delivered on the fi«x»r behind the cylinder, nnd the operations of 
se|Niration by fork, riddle, nnd funner may be afterwards performed by hand ; but in the more 
improved modern machines these operations also are effectually done by mechanical contrivances, 
usually, so connected with the thrashing machine os to operate with it at the same time nnd by 



the same motive power. The annexed woodcut, Fig. 28. represents portable, combined, single 
blast thrashing, straw-shaking, riddling, nnd winnowing machine, constructed by Picksley, 
Sims, and Co. 
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Many minor improvements in agricultural implements have boon recently made. Wo insert 
brief descript ions. illustrated by woolcutu, of Homo of the most useful. 

An imprueed Qx-yoke . — -The hiortise through the bow of an ox* yoke greatly weakens the l»ow, 
and tiu* key sometimes gets misplaced. ami even lout, although attached to the yoke by a leather 
thong ; the thong may break, and just when the key is most needed it becomes of no practical use. 
To remedy this is the design of tho 
improvement shown in Fig 29. Two 
hinged plates arc secured to the top of 
the yoke, as shown in Fig. 29, the free 
ends engaging with notches cut in the 
bow, and holding them securely in place 
until they are forcibly raised by hand. 

Sheep Shear . — Fig. 80 represents on 
improrefi sheep shear, the movable cutter 
A pivoted to the face of the stationary 
cutter B, which is divided into fingers, 
or bars, each on© presenting a cutting 
edge to the action of the movable 
blade. A slot in the fro© end of tho 
spring handle, and a arrow in the end 
of the vibrating cutter, with a atop on 
C, on the opposite side of the pinto 
B. governs the throw of the blade. 

The forks of the plate readily enter 
the matted fleece, thus fnei Minting tho 
operation of shearing, and the action 
of the blade ensures a drawing cut, 
requiring less power and producing a cleaner cut than ordinary shears. The form of the cutter and 
its throw can be regulated to suit any hand ; this implement may serve also for dipping horses. 

A wwu/on, the eon tents of which could bo readily emptied or discharged by its attendant, hna 
long been a requirement, not only upon a farm, but more especially in tlio grading of streets, 
railways, and the like. Dumping, as hitherto performed, required a considerable exercise of 
muscular force when the discharge of the materials was from a four-wheeled wagon ; the operation 




also, comparatively speaking, involved great loss of time. Tho wagon, represented in Figs. 31, 32, 
appears to be effectually secured in dumping. Tho essential features of the invention will l«> 
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readily understood by a reference to the cuts. This wagon consists of a box, or body, composed of 
separate sections arranged in line with each other between the longitudinal sides, or bed-piecoa, 
of the wagon frame, each section being pivoted or suspended upon three bed-pieces by suitable 
laterally projecting trunnions or pivots, so that it may do placed in a horizontal position to hold 
the materials, or it may be tilted with its open or rear end downwards to discharge the materials 
therefrom. When the sections are all in a horizontal position, as shown in Fig. 31. the sections 
are connected by suitable latch-pioeea, or catches, at their sides, in such a way as to l>e firmly held 
in place. These sections may bo filled hr shovelling, or other means, in the same manner as an 
ordinary wagon or cart box. When it is desired to dump or discharge the load placed upon the 
wagon, the several sections composing the l>ox are disconnected, and the sections are tilted 
as lx-f«re mentioned, and shown in Fig. 32, whereuj>on the materials drop from the sections 
by their own gravity, ami the sections are consequently emptied with groat speed and facility. 

The Ck&ttiUmai*. — For the 

convenience of such ngricul- 3S * 

turists as are in the habit of 
making wine, cider, or perry, 
wo give a cut, Fig. 33, and 
short description of a very use- 
ful press known as the f'hatit- 
Innais, and highly esteemed in 
Franco. The mechanism is 
placed on wheels, and the ma- 
chinery for pressing is below 
the trough. The pressing is 
so performed that free passage 
is given to the screw ; the 
ratchet brace A, placed upon 
the handle of the axis C, is pro- 
vided with 14 crank -hanales, 
and by means of C moves It, 
which has 90 teeth ; the axis 
of the latter carries a conical 
cog-wheel with 10 teeth, and 
this wheel grips into the largo 
wheel D provided witli 102 
teeth ; the multiplication is 
therefore 6 *43 x 10 * 2 = 65* 580, 
that is to say, that the screw 
makes one revolution for 05-580 
strokes or revolutions of the 
handle. The average diameter 

of the screw is 0-1015, and its thread is 25 : this gives for the inclination of the thread a — 4 n 30'. 

The radius of the handle is 0* 40 at mont. tliat is to sav, L = 0*4, r s 0-05075, n - 65-58(5, 
a - 4 30‘, and ¥ = 5" 42'* 40. If these figures be substituted in the general formula we have the 
following result : — 


P - F x — x 65-586 x — rv -n — — i — ; — r- = 1651 -5 F. 

r ’ r 0 05075 x 1,0 000 x tg 10° 12' 40" -f 1 *33 tg 5 ft 42' 40" 

Place for F 15 kilogrammes for one man, or in all 30 kilogrammes, P = 49545, and, neglecting 
friction, we have at least 40,000 kilogrammes of useftd work. 

49*545 kil. x 0 025 
65-586 x 2 v x 0-4 x 30 kil. “ °‘ 2 ° 4 

When the friction is taken into consideration, we have only 0-207, or atxmt 21 per cent. 

The improved Reaper of Mensnt. lltecard.— \x\ this reaper, Fig. 34, double concentric cams are 
employed, the one for directing tho motion of the gatherers, and the other for guiding the rakes; 
the former being caused to drop down into the grain, in order to bring it up to tin* cutters, and then 
to rise again, so as to clear the cut grain on the platform, which is removed by the rakes governed 
by the second annular or concentric cam. The platform is hinged to the centre, by a kind of drag 
bar. and the delivery is effected by a central shaft, which is driven by a pitch chain , thus enabling 
light gearing to be used for operating the cutter bar. The mower of Messrs. Howard, also, possesses 
several improvements, amongst which we may point out, a simple mode of lifting and varying the 
angles of the cutter. The “ Clipper Mower, which we illustrate, has many jieculiarities. The 
pole is independent of the draught, as the tractive strain is exerted through a sliding attachment 
on the under side of the pole. By this system there is a tendency not oidy to draw the machine 
directly forward, but at the same time to lift the shoe off the ground. The inside shoo and its 
attachments are so arranged that the fingers and knives can be changed from a level cut to au 
angle of thirty degrees, while the machine is in motion. 

Colvin's Cotc-mUking Machine , — The engraving, Fig. 35, represents three cow-milking machines, 
operated by power, and attended by one man; two of these machines are shown, each milking a 
cow, and one exhibits the milking completed, and the cow turned back out of the way, so that tho 
cow that has been milked, may pass out to make wav for another to come into the stall to lie 
milked, so os not to stop the power while changing the cows. The stanchion is the same as any 
ordinary stanchion, with the exception that it opens out, to let the cows pass 11 trough, anti facilitates 
tho changing of them ; in this maimer, cows can be very quickly brought to the machine. The 
operation occupies less time than it would take to go to the cow in the yard, or stable ; the cows 
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soon learn to cnmo to tho machine if fed a few times while being milked, or by being entieed 
through giving them some salt. The milk is conducted by suitable tubing into large cans partially 
sunk in the floor; three machines are sufficient to milk sixty cows in the time it would take six 
men to milk them by hand. The moving power is imparted to the machines by hand, by a dog 
running in suitable gear, or other prime mover. The milkers are worked by pumps, the pistons of 
which are driven by power : they are attached by a jointed iron pipe to allow of the movement of 
the cow forward, backward, or sideways, always adapting itself to her motions; the teat-cups are 
made of corrugated india-rubber closely enveloping the teats and will fit any cow. The pumps 
oscillate in such manner as to give the natural motion of a calf sucking, or to impart tho motion 
of the human hand while milking ; tho space between the elastic diaphragm in tho milker and 
the pump being filled with water, whicn in working the pumps, oscillates in the tube, and 
produces a vacuum at each alternate stroke. By the working of this machine it is clear that 
no dust nor any dirt can fall into the milk. 

34, x 
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formed, and the forward action of this implement or machine effect* a complete separation of 
the grass, while its back-action leaves the crop light and loose. The fork barrels are so arranged 
as to render clogging almost impossible : the forks are mounted in sets of three, and placed in a 
tty-tag position ; this arrangement equalizes the work, while it separates and distributes the 



crop. The machine shown in Fig. 3C is fitted with a win' screen to prevent the grass from 
lodging on the front. The usual method of reversing the motion of such machines has hitherto 
been, either bv loose sliding pinions operated by means of clutches on the fork barrels, or by 
sliding the fork: lmrrels themselves; this last plan hnving the disadvantage of altering the relative 
positions of the forks, and rendering the machine liable to clog. In Howard's haymaker, the gear- 
work is strong and simple, and the motion can be changed in an instant to the backward or forward 
action by a simple eccentric movement of the main axle, and thus the disadvantages above pointed 
out are obviated. A similar eccentric movement is employed to raise or lower the fork barrels, so 



as to adapt the machine to the nature of the crop. When the forks aro set for the forward action, no 
change is required when the backward action of the machine 1ms to be brought into play. 

Fig. 37 represents Howard* s Ikmkle-artion Haymaker designed for two horses : tho wire screen to 
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prevent the grass from lodging in front may be applied to this machine in a similar manner to that 
shown in Fig. 3<*. 

To prepare the machine for work, take off the travelling wheels, grease the axles, see that 
the gearing is clean, and supply a little of the (x*t machine oil to the two oil holes in each fork 
barrel and in each skle plate. When the machine is in work, the axles must be greased and the 
gearing cleaned once a-day, and the fork barrels and aide plates oiled two or three times a-day. 

For the first tedding or breaking the swarthe, the forward action should be used. To put 
the machine into gear, move the lever opposite to the le tters w F A ” on the side plate. It is 
generally l*ctter to work the machine across tin* swarthe. as it spreads the grass more evenly. 

The backward action is to be used when the grass is partially dried, to lighten it up, and 
thoroughly expose it to the action of the sun and air. The backward action may also be used with 
great advantage for opening windrows. 

The machine should be raised from and lowered to the ground to suit the state of the crop; 
the heavier the crop is, the higher the fork larrels should be. To alter the height of the 
machine, move the lever fixed to the end of the shaft l*ar. When working with the backward 
action only, set the machine near to the ground. 

When the single haymaker is operated with, the best method of raising or lowering the fork 
barrels is as follows: — (.’lose tin* fork-heads, raise the shafts gently till the heads rest on the 
ground, and then slacken the handle-nuts until the bolts can be raised or lowered into the 
required notch. 

Hhould any of the parts of the machinery shown in Figs, 38 to 49 be accidentally broken, or 
require to be removed, they can lie supplies! separately and detached. 

Fig. 38 shows the off side eccentric ; Fig. 39, the covering plate ; Fig. 40, centre star and 
barrel; Fig. 41, side star with pinion; Fig. 42, wheel; Fig. 43, fork head casting for spring; 
Fig. 44. fork bead casting ; Fig. 43, loose pinion : Fig. 40, near side eccentric (outside) ; Fig. 47, 
near side eccentric (inside) ; Fig. 48, side star ; Fig. 49, wheel box. 


38 . 39 . < 3 . < 3 . 



One of Ifotcard's IInrit-rab.cn is shown in Fig. 50, and is intended for raking heavy meadow 
crops, and for windrowing. Although this rake is of a large size, it is within the power of one 
man, and may therefore be used for general purposes. It can l>o fitted with a pole instead of 
shafts, and it has been found tn leave the hay and corn in a looser or leas compressed stote than 
rakes of smaller size. These rakes have from 24 to 28 steel teeth each, the wheels are 42 inches 
high, the extreme width between the wheels from 7$ to 8} ft., the heaviest of these rakes does not 
weigh more than 5 cwt. 

Fig. 51 shows a horse-rake on the same principle, but made so that the shafts can be readily 
removed to the end of the rake, by which means the implement con be drawn endwise through 
gateways or along narrow roads. This form of hay rake is well suited to mountainous districts 
where roads are narrow. 

c 2 
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On the Application of Steam- Pmrer to Cultivation . — This article 5 b taken from a paper published 
in the ‘ Proceedings of the Institute of Mechanical Engineers, 18415*6/ the joint production of 
John Fowler and David Greig, of Lewis, In considering the mechanical problem to be solved 
in the application of steam-power to agriculture, it i» requisite before referring to the design 
of any particular machine to examine the general principles on which the application of me- 
chanical power to cultivation can be best effected. To ao this effectually, it is necessary to 
ascertain the nature and extent of the difficulties to be overcome, and these may be stated to 
be the following : — 

I. The irregularities of level in the surface to be acted upon. 

II. The varying positions of the machinery upon the ground rendered necessary as the work 
proceeds. 

III. The difficulty of getting heavy engines of sufficient strength moved about where no roods 
exist. 

IV. The production of a rope of sufficient strength, hardness, and elasticity, to stand the work. 

V. The changes in the state of the soil from effects of the weather. 

I. The first idea which naturally occurs in applying steam-power is tliat of attaching tho 
motive power direct to the implement, as is done in the case of horses. But experience has proved 
that the power required to move a steam-engine over land, of sufficient power and weight for 
traction purposes, is quite impracticable, from the fact that such an engine would weigh at 
least 12 tons, and would in many cases absorb os much os 30-horse power in the mere act cf 
moving itself at tho rate of 2$ miles an hour. Moreover, when tho land gets at all wet and greasy 
on the top, it becomes quite impossible to make such on engine travel over the Boil ; while, mnre- 
over, the compression caused by its travelling over the land would in most cases neutralize the 
good otherwise effected by the cultivating implement. Under these circumstances it l>ecomes 
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absolutely necessary to convey the power over the surface of the land by means of a rope, 
allowing the prime mover. 

The use of wire rope for this purpose met at first with great difficulty, and was, from various 
causes, attended with great drawbacks, but these having been gradually overcome, it is now pretty 
generally applied. The first system of using rope was by placing the engine in a stationary 
position at the side or corner of the field to be cultivated, as shown in the diagram, Fig. 52, 

6Z 



lending the ropo all round the margin of the field ; the two ends of the rope were attached to 
two winding drums at the engine, giving out and taking iu the rope alternately, and the plough 
or cultivating implement King attached to the middle of the rope was hauled backwards and 
forwards across the field. This rectangular arrangement involved a groat deal of fixing machiucry 
in the field before commencing operations, including fixing the engine and windlass, fixing a 
pulley or anatchblock at each of the two comers of the field nearest to the engine, and a largo 
number of r»pe porters, or carrying pulleys; it also entailed two movable anchors, one at each 
end of the line of traverse of the implement, which had to bo shifted by some means each time 
tliat the traverse was reversed, so as to lead the implement into n fresh line. In Fig. 52, 1) is the 
engine, B £ G J L M are ropo porters, C the windlass. A and F pulleys, II II movable anchors, 
K the plough, and 7 . 7 . stationary points. The general construction ot the rope porters is shown 
in Figs. 53, 51, 55, 56, 57, 58. Figs. 53, 54, 55, show the larger kind used for tho jiermanent lines 



of rope, and Figs. 56, 57, 58, show the small porters for the rope attached to the implement, 
which are withdrawn and placed again by boys as the implement posses across the field. In 
employing such an arrangeme nt of tackle, the consideration of the complication of the parts, tho 
numerous pulleys and frequent I tending of the ropo over the pulleys, which were of necessity 
small in diameter, and the great time required for fixing the apparatus early led to the conclusion 
that such plan of applying power could not prove permanently successful, and so it is now super- 
seded by more direct and simple arrangements. 

The second mode of using wire-rope, shown in Fig. 59, was merely a modification of tho first, 
and consisted iu plncing the stationary engine and windlass in the centre of one side of the field, 
and leading the ropes away diagonally across the field to two movable anchors placed at each end 
of the line of traverse of the implement. A jiair of horizontal lending pulleys attached to tho 
windlusa allowed the rope to pass oft’ at the varying angles which the progress of the work 
required until both the movable anchors came in a straight line with the windlass. By this 
triangular plan the two fixed pulleys in the corner of the field, in Fig. 52, were dispensed with, 
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and fully one-fourth of the rope with its requisite porters was saved. This arrangement was a 
great improvement on the former, and the encouragement that it elicited led to a further step, 

ftt. 



which suggested the important principle on which all subsequent machines have been constructed, 
namely, tlmt of direct pull. 

In Fig. 59, 1 is the engine, 2 the windlass, 3, 4, 7, 8, 9, rope porters, 5, 10 movable anchors, 
6 the plough, and z. z. stationary points. 

The third plan of working with rope, with direct pull upon the implement, is Bhown in Fig. CO, 
and consisted in placing two horizontal winding drums under n travelling engine which moved 



slowly along the headland of the field, keeping always in line with the work. The travelling 
motion was obtained by means of a pinion gl aring into a large internal toothed wheel fixed upon 
one of the carrying wheels of the engine, and connected to it by a friction clip to prevent any risk 
of injury from overstrain. The rope was stretched from one winding drum of the engine across 
the field to a movable anchor on the opposite headland, and then liack to the implement to which 
it was attnehed, ami another rope from the other drum was ulso attached to the implement. 
The work was performed hy the engine winding up one drum as it gave off rope from the other, 
the implement being thereby pulled backwards and forwards across the field. 

In Fig. CO. a is the engine, bed e f h rope porters, g the movable anchor, k the plough, and * 
stationary point. 

The movable anchor is shown in Figs. Cl, C2, and contests of a carriage with a horizontal 
pulley. A, mounted on it, round which the hauling rope. It. of the plough worked while tin? sharp 
edged carrying wheels, C, entered the ground and resisted the side pull of the rope. The anchor 
carriage was moved forward each time of changing the direction of the implement by means of a 
stationary rope, D. stretched along the headland uud made fast at the end, as shown in Fig. 80. 
This rojx* wot attached to a small drum. E, on the anchor carriage, ami a slow motion was 
communicate* 1 to the drum from the pulley, A. by the two pair of wheels and pinions, F being 
thrown into gear, the anchor carriage thus pulled itself along the headland a sufficient distance 
each time, so ns ulwuys to keep in line with the implement and engine. The box, G, on tho 
carriage was weighted sufficiently to serve as a counterpoise to the pull. 

The experience gained in this plan of working showed tlmt the principle of direct pull of tho 
engine u|H>n the implement was the correct one, hut the cumbersome arrangement of the two 
winding drums and the difficulty of coiling the whole length of rope required for reaching across 
the field, together w ith the crushing of the rope arising from the soft material of which it w as then 
made, and the small diameter of the drums necessarily employed, indicated the need for a still 
further modification in the apparatus. The next step was the employment of an endless ropo 
stretched across the field, as in the preceding cose, with this difference, that the power was now- 
communicated to the rope by friction instead of by winding on and off a drum, as in the plan last 
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described. In order to secure such an amount of hold on the rope as to give sufficient pull, it was 
found necessary to employ two driving drums with four grooves each, as shown at A A in 


01. 




Figs. 63, 64 ; and the ropo was led four times half round both drums, as in Fig. 64, the two 
drums being geared together by the pinion B. By this means sufficient hold was obtained to 



occasioned by the irregularities in the boundary of the field, two light barrels worked by hand 
were mounted on the cultivating implement to which both ends of the rope wore attached, and by 
these barrels a portion of rone was let out or taken up by hand as required to keep it at tho 
proper degree of tightness. When new, this apparatus worked very well, but tho wear and tear 
of rope from its numerous bends, and more especially from another cause, which required somo 
time to develop itself, rendered it necessary to abandon this plan. This great difficulty was tho 
impossibility ot keeping the eight grooves of the driving drum all of equal diameter. The two 
leading grooves were found to be always wearing at double the rate ot the others, and all the 
grooves having to revolve at the same rate a constant surging of tho rojK* was occasioned by tho 
difference in speed of the circumference of tho different grooves. This involved destructive wear 
of the rope and loss from friction, and every revolution of the drums caused a further grinding 
away, thus increasing the errors in the diameters of the grooves. As an instance of the deteriora- 
tion thus occasioned, it may be mentioned that the apparatus got into so bod a condition that tho 
engine conld not perform one-half tho work that was done by it when new. 

These evils led to a modification of this plan of driving, by the employment of a single 
driving drum with two V'gmoves, as shown at (J, Figs. 6. 1 ), 66, round which the roj>c was made 
to take two three-quarter turns, one in each groove. This was effected by using two guide 
pulleys, 1) D, one ou each side of the driving drum C, which transferred the rope from one 
groove to the other of the driving drum. In this case, as there was only ono driving drum with 
two grooves in it instead of two drums with four grooves in each drum, the wear and tear were 
greatly diminished ; and this plan of apparatus, although retaining to some extent the evils of 
tho former, is still working successfully in several places. The objections still remaining, however, 
are the number of bends to which the rope is subjected, and from the grip on tho rope beiug 
obtained by its forcing itself into the V-groovo by the tension put upon it, serious wear and tear 
result. In this case there is a compound surging, for from the point where the ropo first touches 
the drum, the pressure, forcing the rope into the groove, increases as the rope passes round the 
drum, causing the rope to lie deeper in the groove, whereby it virtually lessens the diameter of the 
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drum, in consequence of which the rope must keep on surging endways at the same time that it 
sinks deeper into the groove. Although these movements are so small as to be imperceptible to 
the eye, they are actually taking place continually, and the result is serious wear and tear from the 
continuous grinding motion over the whole rope in succession. 

The clip drum is shown in Figs. 67, C3, Gy, 70, 71, 72, 73, 74. 



19 . TO. T1 n ’ 



The application of the clip drum has been found to economize the motive power, and to 
facilitate the required movement. 

The clip drum consists of a series of jaws or clips. A and B, hinged round the circumference of 
the drum closo together in a continuous line, forming a complete groove, in which the rope O 
works. Each pair of dips in succession, ns it passes round to the point where the pressure of tho 
rope upon the drum commence*, closes and seizes hold of the rope, as shown in Fig. 70. and 
continues to grip the roj>e throughout the half revolution, until reaching the jioint where^ the mne 
begins to leave the drum, when the clips fall open, as shown in Fig. 71, being relieved from ths 
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pressure of the rope. The amount of grip in in all cases proportionate to the pull upon the rope, 
and such as effectually to prevent any slipping. 

The only provision requisite to suit the clip drum for working with any sizo of ropo is to 
adjust the width of opening of the clips to the particular diameter of rope to be driven, by 
widening or contracting the distance between the centres of motion of each row of dips. This 
adjustment is effected in a very simple and complete manner, by having the lower row of clips, 13, 
centred upon a ring D, Figs. 70, 71, which forms the circumference of one-half tho depth of the 
drum, and this ring is screwed upon the body of the drum by a thread chased round its entire 
circumference, so that by turning the ring round in either direction tho distance between the 
centres of the upper and lower clips is simultaneously increased or diminished in every pair to 
exactly the same extent, all of them being kept in perfectly parallel {>ositions. Tho ring D is 
held in the desired position by tho bolt K, Fig. l f which prevents it from turning. 

The lower clip, B, of each pair having a heavy overhanging lip, F, on the outside, ip enabled to 
lift the upper clip. A, by means of a small finger, G, projecting from its inner end, and pressing 
ujion tho tail of tho upper clip, so that the clips always remain open until receiving the pressure of 
the rojK>, and they fall open again, and release the rope the moment the pressure is withdrawn. 
The stop II on the upper clip, coming in contact with tho body of the drum, prevents the clips from 
falling open too far. Figs, 72, 73, 74, show tho bolts that servo as keeps for holding the ends 
of the pins on which tho clips are centred. 

The action of the clips is similar to the closing of a hand upon the rope, laying hold at once so 
firmly that the rope cannot slip, and retaining this hold uniformly until tho rope is released 
altogether by the opening of the clips, ho that all friction or surging from an imperfect hold is 
avoided, as well as any shiftiug of the rojie at tho beginning and end of its contact with tho drum, 
such as is inevitably the case in round or V-shaped grooves ; at the same time, by means of the 
ring l), on which the lower row of clips are centred- the hold upon the rojie can be adjusted to any 
desired amount, according to the power required to lie transmitted, and it can ho absolutely 
depended upon when once adjusted to continue working uniformly with tho same amount 
of hold. 

An important practical advantage found to result from tho working of this clip drum is that 
the rope is subjected to a continual pressure upon its sides whilst passing round the driving drum, 
thus avoiding all tendency to tho rope of being flattened by the pull, as in an ordinary round 
lxittomed groove, where the pressure of the rope is upon the bottom of the groove only. Also tho 
groove in the clips being so curved os to fit the ro|>e closely round a considerable portion of its 
circumference, tho pressure preserves the form of the rope, and serves to consolidate it by 
continually closing down all protruding wires, and preventing the deterioration of the rope by such 
parts being caught in passing the subsequent guide pulleys. In the working of this apparatus, it 
will be seen, from Fig. 60, that one-half of the total length of rope is never in contact with the 
driving drum, the other half alone being passed round it backwards and forwards successively; and, 
in many cases, the actual result lias been that the portion of the rope which passes round the drum, 
and has all the work to do of transmitting the hauling power, has lasted longer than the other 
portion which has no such work to do, but is simply exposed to the bend round the pulley of tho 
movable anchor on the opposite headland, the friction from the guide pulleys being exactly 
the same in both cases. Another important advantage is that no tension is required upon the ropo 
leaving the drum ; all that iB requisite is that the rope be taken away, and not allowed to kink. 

It may be remarked that these advantages of the clip drum render it specially adapted for 
use in other positions whore a rope is the medium of conveying power, and the saving that it has 
effected in the wear and tear of the roj>e employed in cultivation has been fully corroborated by 
the result obtained in its us 1 for other purposes. 

The second point of difficulty for consideration is the continually varying positions of tho 
machinery upon the ground rendered necessary as the work proceeds, in consequence of which it 
is necessary for some means to be provided whereby the ropes will admit of tho two extreme 
points being moved nearer together or farther apart, as the varying boundary of the fields may 
require, with a pair of winding drums this is easily effected, by not allowing the unwinding 
drum to begin by giving off rope until tho rope becomes tight in each case. For this purj*>*e a 
heavy break has to be applied to the paying-out dnim to save the rope from trailing on tho 
ground, for if the rope is not kept from touching the ground a serious loss of power is the result, 
as the difference in draught required to pull a rope lying on tho ground and one properly 
carried is as much as ten to one. lienee it becomes a very important point that the rope should 
be efficiently carried off the ground. 

Figs. 75, 70, show tho construction of tho compensating break that is employed' when a jiair 
of winding drums ore used, so as to compensate for changes in the leugth of rope that is required 
as the work proceeds. The winding drum A is driven by the pinion B. which is coupled to tho 
driving shaft C by the clutch D, but the driving shaft is geared to the paying-out drum E by 
means of the second shaft, F having corresponding pinions at each end, so as to allow the two 
drums to rim in opposite directions. The two pinion shafts, O and F, are however made to revolve 
at slightly different speeds by the two outside pinions, <1 and H, that gear together, being of 
different size, tho pinion H being one-ninth sninller than the other, and consequently the paying- 
out drum E is compelled to revolve one-ninth slower than the winding-drum A. This causes the 
slack in the rope to be all taken up by a few revolutions of the drums, and further strain on tho 
ro|s* prevented by the pinion G being connected to its shaft by a friction-break, I, so that it is 
allowed to slip on the shuft. The rope is thus kept constantly stretched tight by the friction of 
the break T. 

When tho endless ropo and clip drum are employed for working the implement instead of two 
winding drums, a very ingenious and efficient plan is adopted, whereby the rope is kept tight 
without any loss of power, the slack of rope is taken up or more rope is given off. as the field may 
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require, and the implement cannot be started until the rope be tight. This is effected by means 
of what is termed the slack gear, which is shown in Figs. 77, 78, 79, 80. It consists of two 
small barrels, A and B, mounted on the plough and connected by gearing with a relative speed 



of large diameter, on the pulling-barrel A, and over another, O, of one-fifth the diameter on tho 
slock barrel H, a second chain 11 being placed on the opposite side of the liorrels, working over a 
pair of wheels of corresponding sizes to the former, but reversed in their relative positions. The 
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self-acting levers and clutches, L and M, nre both kept in pear by springs, but are thrown out of 
pear alternately by the act of the man taking his scat upon the seat K, Kips. 77, 78, first at one end 
and then at the opposite end of the plough, and by that means pulling the real L or M. The same 
action is thus obtained in whichever direction the implement Is travelling, one of the chains Eor H 
with its puir of driving wheels being always kept in gear with the rope barrels whilst the other 
is out of gear. An advantage arising from the use of the slack gear is the elasticity thereby 
afforded to the rope, should the progress of the implement be obstructed by its coming in contact 
with stones or roots in tho ground : ip this case, the rope not being absolutely tight, has a 
margin for taking up further slack, which acts as a spring easing tho strain caused by stopping 
the implement suddenly. The third difficulty to lx? considered is that of getting heavy engines 
of sufficient strength to be moved about over the ground where no ioiuIb exist. 



This Ims been a serious drawback to the introduction of steam cultivation, and one which has 
led to more bre akage of tackle and machinery than all the action of the machinery in performing 
its work of cultivation. Two causes have contributed to this result, namely, a mistaken idea at 
first prevailing, that lightness was an essential point, which led to paring down the metal in all 
parts of the machinery, instead of making the machinery so strong that it could not be broken by 
the full steam-power, and then increasing the width of the carrying-wheels to such an extent as to 
ensure carrying the engine over the heaviest and wettest fields. The other mistake was that the 
speed of working on the rood-wheel was not reduced sufficiently so ns to allow the engine sufficient 
leverage to get out of any difficulty it might happen to get into, and the w ant of judgment on tho 
part of the men using these machines, often led to their being put in places of unnecessary diffi- 
culty. Tho first of these mistakes has been met hv making the machinery so strong that tho 
Btetim when full on is the weakest part of the whole machine. This has naturally led to great 
weight, but that is no real obstacle, provided tho carrying |w»wer of the wheels is increased in 
proportion to the increase of the weight to he carried. In fact, the weight is an advantage 
in steadiness for working, so long as the machine can be kept from sinking too much into the 
ground. 

Carrying-wheels are now being made for special purposes as much ns BO inches wide on the 
rim, os shown in Figs. 81, 82, where the dotted lines A A show tho jsirtion that is added to 



the ordinary 20-inch wheels 13 13, and these wheels have been proved to carry a 12-ton engine over 
any land in n fit state of cultivation. The wheels are driven, each separately, by means of a 
friction-clip C, w hich prevents any risk of hroakago from excessive strain of driving, the shaft D 
being driven by the pinion ami spur-wheel E. 

The next point was to reduce the speed on the driving-wheel, so ns to give the engino sufficient 
leverage to get out of any difficulty ; and for this purpose two different driving speeds are provided, 
one giving 2^ miles per hour and tho other only 1 mile per hour for travelling, when the engine is 
working at its full speed of 140 revolutions j>er minute. In order to obtain sufficient adhesion 
TOder specially difficult circumstances for the exertion of the full tractive power of the engine, the 
additional provision has been made of temporarily fixing transverse f irons by means of bolts 
upon the runs of the wheels, as shown in Figs. 81 and 82. With regard to the men, time and 
experience, combined with the extra work caused to them by getting into difficulties, are the means 
of gradually reducing the difficulty arising from want of judgment on their part. 
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Another plan for meeting the difficulty of getting such heavy machines moved about has been 
adopted with the most satisfactory results. This consists in combining the | tower of two stuall- 
eizod engines, as shown in Fig. 83, the second eugine being worked in place of the movable anchor 


83 . 



in the previous plan of working shown in Fig. <50. Each engine is provided with a clip-drum, 
which is essential to carrying out this system of cultivation ; and the rope is worked as an endless 
rope between the two engines by having both its ends attached to the cultivating implement. As 
the power of both engines is applied at the same time hi the rope in each direction, the heaviest 
class of operations can Is? performed by them ; and the loss of power in working the rojie is very 
much lessened by the fact tnat both lines of roj>e are always in effective tension, and are thereby 
well carried with half the number of rope porters. Another advantage derived from the adoption 
of this plan is that the engiues are better adapted for the other work of the farm, as the fanner 
has then two engines of 7 or 8 horse-power instead of one engine of 10 or 14 horse-power ; and by 
Laving two of them a regular system of cartage on the farm ran be carried on, the engiues being 
specially arrnnged for traction purposes. 

In Fig. 83, A, E, are the engines ; B, B, B, I), rope porters ; and C, the plough. 

The fourth difficulty to be surmounted was the production of a rope of sufficient strength ami 
hardness, combined with elasticity, to stand the required work ; and this was a very serious point, 
as the inability to accomplish it nearly upset at one time the profitable employment of steam 
cultivation. 

The first rone used was made of iron wire : but it was worn out so quickly, not doing so much 
ns 200 acres, tnat it soon became evident such material would not stand the strain and friction 
attending the work ; whilst by increasing the strength of the ro|ie its weight was so much 
increased as to consume nearly the whole engine-power in overcoming its friction. These diffi- 
culties became so serious that great exertions were made to get a rope of steel sufficiently bard to 
stand the wear of trailing on the ground and also the friction mused by coming in contact with 
the numerous pulleys of the machinery then employed ; and in 1857 two steel ropes w'ere applied 
which answered the purpose admirably, and performed with the then imperfect machinery upwards 
of three times the amount of work that was done by the first iron rope. From this point it was 
established undoubtedly that nil risk of the difficulty with the rope causing a check to the 
application of steam to cultivation was now safely overcome, the introduction of the steel rope 
having effectually accomplished the object in view. The machinery for working the rope, how- 
ever, rcquinsl great improvement and alteration before getting to the point of thorough efficiency 
with a minimum of wear : the chief objects in tbeae improvements being to have as few bonds as 
possible, and those bends over large pulleys. A groat saving in the wear of rope has also been 
effected by the improved means of keeping the roj>e tight, preventing it from dragging upon the 
ground. From time to time, ns the various improvements in the machinery have been effected, 
the increased quantity of work done by the rope before being worn out has been very marked ; so 
that the cultivation of from 2000 to 4000 acres can now be accomplished with one steel rope, the 
amount varying with the nature of the soil and the width of the implement used. 

Although much of this increase of duty depends upon the construction of the machinery, still 
a great part of the success is to be attributed to the superior manufacture of the steel wire. At 
first the steel ro|ns, although much superior to those of iron wire, were very irregular in their 
quality and durability, often varying as much aa one-half in tin's*’ respects ; and up to the present 
day steel ropes made of the common qualities of steel wire vary in their quality to the same 
extent. After a series of careful experiments, combined with accurate testing, a quality of wire 
has now been produced for the purpose, which can be obtained of complete uniformity in tensile 
strength, and possessing a high degree of hardness, oombined with the requisite flexibility and tough- 
ness for working. To this great advance in the manufacture of steel wire rope is to be attributed 
in a great measure the present success of strain cultivation. The tensile strength of this wire has 
been increased from 1500 lbs. to in some eases 2100 lbs. for No. 14 wire gauge. Steel wire of the 
common sort has indeed been made to attain nearly the same tensile strength ; but this is always 
accompanied by the defect of brittleness, which is a fatal defect in the working of a w ire rope. If 
the quality of steel rope should continue to improve at the same rnte as during the last three 
years, the cost of wire rope will be reduced to an unimportant item by the acre. 

At the commencement of steam cultivation the iron wire rope run a mileage of not over 750 
miles before being worn out, costing Is. ?•/. the mile of running. The first steel rope ran 1800 miles, 
costing 1*. a-milc; and the present steel ropes are running on an average 9000 miles, costing 
only about 2 jd. a-mile, running with a tension upon them of about 25 cwt., and this notwith- 
standing that the price of roj»e has been increased from GO/, to 84/. for the ordinary length of rope 
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of 800 yards. The steel rope at present used in Btenm cultivation is -f Iths inch diameter, and weighs 
about 2 lhs. a-yard, making a total of about 14 cwt. for the length of 800 yards. 

The fifth class of difficulties are those arising from variations in the state of the soil caused by 
the effects of the weather. 

These difficulties have been principally felt in wet weather, in moving the engine, and also 
from the stickiness of some land when in a half-wet state, which is too often the condition of the 
land whilst being cultivated. In such eases all the tackle would become literally covered with 
clay, and the power reouired to move the rope and the machine would lie very great. This diffi- 
culty should not indeed exist, as no land ought to be touched when in such a state ; but clay land 
has hitherto been very often worked when wet, from want of sufficient force to get all the work 
done before the wet sets in, and also from the inability of horses to perform the work while the 
land is in a dry state. As an illustration may be taken a clay-land field ploughed by horses whilo 
very wet, after which, if the next year be dry, it will be literally impossible to work the miuio 
ground with horses until some rain roincs to soften it, as the horses* shoulders and the implement 
would not Ik? able to stand such jarring work. 

With steam-power, however, there is no difficulty in working the land in the driest condition, 
which is the proper time for such work ; and if this is strictly attended to, it will never get into 
an extremely hard state. Supposing the clay land is ploughed wet by steam-power, more power 
will be exj>endod in pulling the dirty rope and the sinking plough than even if the land be so dry 
that the soil breaks up into large pieces of as much as 1 cwt. ouch, though the latter could not bo 
the case but for the wet-kneading that tho land received before by being ploughed wet by horses. 
If the fanner were only to keep his machine off the land in wet weather, and work it night and day 
in dry weather, he would see the great advantage that would accnie from working at the proper 
time. In fact, the principle of the old maxim, “ Make hay whilo the sun shines,” applies to culti- 
vation of the land as well as to tho making of hay. 

Another system of steam cultivation, shown in Fig. 83, has been adopted to meet special cir- 
cumstances, by the use of two largo engines, each of which is supplied with a winding drum, 
instead of the clip drum and endless rope employed with the light engines in the plan lost described. 
The two large engines are placed at opposite ends of the field, the same as in Fig. 83 ; hut they 
act alternately instead of in combination, one pulling the plough in ono direction, while tho other 
moves forward into position for tho return bout, and vies versa. 



In order to make the rope coil in a regular manner upon tho winding drums of the engines, an 
arrangement of self-acting ceiling gear ia employed, which is shown in Figs. 84, 85. It consists 
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of a pair of p^ui«le rollers A A, between which the rope passes when coiling on or off the largo 
winding drum B. These guide rollers are carried at the end of an arm C, which is centred at the 
other end upon a bracket D carried loosely upon the centre spindle E. round which the drum 
revolves. The arm C has a stud fixed in it at P, working in a spiral groove O, formed on the 
lower jwrt of the spur wheel H, which also turns loosely round the centre spindle E. A second 
spur wheel I is carried close above the wheel II. and is fixed upon the upper end of a cylindrical 
easing carried up from the bracket 1), and passing through the wheel II. A pinion J carried by a 
stud fixed in the winding drum B gears into both the wheels H and I. but the upjier wheel I baa 
one more tooth than the lower one H : and consequently in each revolution of the winding drum 
the pinion J being also carried round with the drum causes the lower wheel II to be advanced one 
tooth, the upjier wheel I being held stationary by the arm C, which is held at the outer end by the 
tight -at retched ro|n* (Kissing through the guide rollers A. The spiral groove G is thus gradually 
turned round, ami acting ujton the stud F in the arm causes this arm with its guide rollers A to 
be gradually raised and lowered, thereby guiding the rope from top to bottom of the drum in 
regular coils whilst it is l>eing wound on or off the drum. 

The purpose for which this system of working with two large engines was arranged was for 
travelling about and doing work by hire, so as to meet the requirements of those who have 
not sufficient land or capital to purchase machinery for their own use. The plan has the 
advantage of requiring no fixing, and the machines are ready to start work the moment they get 
into the field : ami as soon as the implement stops, the ropes are in their placet and the machines 
ready for removal. As fields of all slwpes are met with, it is of importance that the 
machines should be of such a character that no loss of time should bo occasioned by the manage- 
ment of the rope. So far as the working of these machines goes, it is entirely satisfactory, but the 
first drawback to the adoption of tin's plan is the price. Secondly, there is the difficulty of taking 
two large engines about : and from tin* fact that a heavy break 1ms to bo put on the |>aying-out 
drum in order hi keep the rope tight, considerable power is lost. But still the time saved in doing 
small irregular fields more than counterbalances those disadvantages. 

The trartion part of the machinery having now been considered, the most mechanical means 
of performing steam cultivation has Pi be referred to. 

The implements hitherto used for steam cultivation have been something similar to those 
employed with horse power; but recently a system has been arranged for throwing up the land in 
the roughest possible way, and leaving it in such a state as to expose the largest amount of surfaco 
to be acted on by the air, which is the only truly practical way of dealing with heavy land. The 
development of different classes of implements will always be going on, to meet different varieties 
of land, and the various operations which will ultimately be required. It is proposed here only to 
refer to the best principle of loosening the land for tiie purposes of cultivation, looking at the 
question entirely from a ineclmnicnl point of view. 

Cultivation by rotary implements has been much advocated, and may appear at the first glance 
the right means of applying steam power; but when the nature of the substance to bo dealt with 
is considered, this plan is mechanically wrong in the way of operating on the soil, from the fact 
that rotary implements must necessarily strike on the top of the hard land, thus absorbing a 
quantity of power in entering the hard substance. As an illustration of this, r ef erence may bo 
made to the method adopted in breaking up a macadamized road : the pick is usod so as to lever 
the material upwards, and by entering it underneath the hard substance the Intter is easily broken 
up. A rotary digger must however be used in the contrary way, or else it will be acting against 
the onward motion of the machine, thereby increasing the power required for traction. Tho 
difficulties that interfere with getting such a machine over the surface of the land have also to bo 
considered, and the damage done to the land by tho transit of such a heavy machine over the soil 
to be cultivated ; and these objections, with tho serious error in the mode of npplying the power, 
must prevent such a system from proving practically successful. 

The cultivation of the land consists merely in loosening a certain quantity of soil, and what has 
to Is? considered is how to loosen the greatest quantity with tho smallest amount of power. In all 
the experiments tried by Fowler and Grcig it has been found that this is never bo economically 
done ns by wedging the soil off to a loose side, and entering the wedge underneath, where the soil 
is softer. Much objection has been raised to the old mode of working with the plough ; but it is 
not the implement that is at fault in that case, but the power that is defective ; and by the aid of 
steam that implement can now 1m* driven at such a pace as to throw the land sideways in a maimer 
quite equal to the effect of any digging by hand. The great point requiring attention is that tho 
tools should be so arranged that each follows its neighbour, taking its own cut ami wedging off 
the soil to a loose side. If this is done, the speed of 2J miles per hour at which the implement is 
driven will throw the loosened material at least 2 feet clear from its previous position, and by the 
rapid motion it will be left in the state most desirable to the farmer, and in tho best possible con- 
dition to receive the action of the atmosphere, and this will be effected with the least amount of 
power. Few implements embody this principle ; but without it there is a great loss of power, 
which is accounted for by the fact that a tyno or cutter, in making its way through the solid 
ground, always takes twice the power to draw it that would be required if it were taking its cut 
close to where another cut had been taken before. This is a point of great importance, and should 
never be lost sight of in the construction of implements for heavy work. In the implements for 
light operations it is by no means so necessary ; but still the principle holds good to a certain 
extent, and should be attended to as far as practicable. 

In order that steam cultivation may be brought to the greatest perfection, it is of the utmost 
importance that the use of horses in cultivation should be altogether abandoned. For this purpose 
a number of implements are required, adapted to get over a large breadth of land in a day, so ns 
to do the very light operations of the farm and exclude horses entirely from such work, ns their use 
inevitably increases the expense of after-operations, besides being detrimental to the land. If tho 
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horses on a farm are clone away with altogether, or os far as practicable, tho cartage becomes 
the next question to be dealt with; and before steam cultivation takes its proper place, the heavy 
part of the cartage must be done by the ploughing-engines. Considering, however, that to be good 
ploughing-enginca they must be good traction-engines, there is nothing to stand in the way of 
cartage by steam-power but the want of good roods about the form, which are an essential point in 
a highly cultivated form, whether steam cultivation be employed or not. The experience lately 
gained in the use of the traction-engine is tliat loads can be conveyed over moderately good roods 
at an expense of 2d. a- ton the mile ; and there is therefore no doubt that tho farm cartage can also 
be done economically. This operation will require some time to develop itself, ns the vehicles for 
conveying tho materials will have to be bought, and proper roads made in every direction through 
the farm, before steam cartage can be carried on conveniently ; but at present there can be no 
reason why hII com should not be taken to market, and coals and so forth brought buck, by steam- 
power. At the time this was written Fowler and (ireig hail no doubt that before ten years’ time 
two-thirds of the cartage of the farm would be generally done bv steam, and also that the railways 
would be fed by traction-engines, ami that these would become quite common ; although, through 
mistaken ideas, serious attempts had been made to stop their use ou the public roads. This 
prediction is being carried out, for it has been proved that a 10-borso engine will convey a load of 
20 tons independent of itself over a road with gradients not exceeding 1 in 15; and the wear and 
tear is very slight indeed in properly constructed traction-engines. 

In order properly to understand the advantages of steam cultivation, it is necessary to draw a 
contrast between steam-power and hone-power as applied to cultivation. 

In the case of hones, the utmost available force which can possibly lie brought to bear on an 
implement is 9 cwt., and this is obtained by employing six horses, or two more than can work 
profitably together on the land. The practical limit of draught is therefore 0 cwt., ns horses 
cannot give off the same amount of draught in the fields as on hard roads. Hence with a team of 
four horses giving oil* (> cwt. total draught on an implement which acts on a width of laud of from 
10 to 12 inches, the utmost total power for an inch in width of the soil acted upon will be only 70 lbs. 
At the same time the resistance will be very much increased by the pressure of the horses’ feet in 
doing the work. For if a horse be taken when the land is in a rather plastic state, and walked 
across the track of the steam-plough, and made to travel to and fro transversely on every 10 inches 
width until n breadth of 6 yards is trodden over, it is then found that if the steam cultivator has 
just sufficient steam to perform its work properly beforo it arrives at the ground so trodden down, 
it will be completely stopped before it gets through the G yards ; and considering the momentum 
of the flywheel, this experiment shows plainly that the power required is something very material, 
and experience shows onc-thinl additional draught to Iks required on land that has been trodden 
down to the same extent as in cultivation by horse-power. It is clear therefore that a considerable 
part of the 0 cwt. draught of the horses is expeuded in undoing the compression caused by their 
own weight; and as the 4 tons weight of the horses themselves must be lifted up and down nil the 
inequalities of the ground, there is only a very small portion of tho animal force left to be use- 
fully exerted upon the implement, and this only at the slow speed of 1.4 mile an hour, at which 
the hone* travel. 

llut with steam the case is very different : a draught of 35 cwt. is available upon the imple- 
ment, giving the farmer the means of employing a force of from 70 lbs. to 280 lbs. to each inch in 
width of the soil moved. And considering that only ft lj-ton load is passing over tho land instead 
of 4 tons, much less force is employed to move tin- same measurement of soil. 

The comparison therefore stands thus : — With horses there is a total force of 6 cwt*., with the 
drawback of having to convey 4 tons of useless load over the land ; while with steam-power there 
is a total force of 35 cwt. conveying only 1$ ton of useless load. Tho result of experience is, the 
less weight carried over the lnud the better ; and when tho great weight of horses, compared with 
the force they exert, is considered, and also the number of footprints left bv them on an acre, it 
cannot but excite surprise that such an unmechanical means of cultivation should have existed so 
long. The number of footprint* left by four horses in ploughing a 12-inch furrow is above 
300,000 per acre ; whereas tho steam-plough, which lias a width of from 3 to 4 feet, is carried on 
two wheels 6 inches in width. 

The facts that have been stated afford a good reason why horses should be kept off the ground 
altogether. If tho necessary precautions in this respect are but strictly followed, a complete 
revolution in agriculture would soon lie witnessed, as no mechanical means of pulverizing the 
land is required, and leas than one-half tho number of operations at present necessary would l»e 
found sufficient. 

Land, like metal in a furnace, requires tho greatest attention in order to perform the different 
operations at the same time, when it is in the right state for their being effected thoroughly. The 
present system of management is entirely inadequate to effect this object, from the want of 
sufficient force Ht a given time. In some years there are barely two months suitable for all tho 
cultivation of the season ; that is, provided the greatest judgment is exercised, and the land never 
touched except when in the proper state for the purpose of cultivation. But with such manage- 
ment as is here recommended, the result will be always an adequate crop. 

The advantages of steam cultivation having now been described, and its gradual development 
during the [«*t few years having been traced together with the various systems employed, it is pro- 
posed in conclusion to enumerate what may be considered os the principal points which are essential 
to the production of good steam-cultivating machinery, so far as regards its mechanical arrangements. 

First, a sufficiently powerful engine with a wide bearing surface, and plenty of leverage to move 
itself out of difficult situations, and of simple construction in all its parts. 

8econd, a hauling apparatus with a drum of large diameter, and so arranged as to bend the 
rope as seldom as possible, and with the drum placed horizontally on a vertical axis, eo as to allow 
the rope to work in any direction without requiring guide pulleys. 
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Third, a direct pall upon the implement, with as short a length of rope as possible, and that of 
good quality, light, hard, tough, and flexible. 

Fourth, an arrangement for keeping the rope tight, so as to carry it clear of the ground and 
avoid loss by friction. 

Fifth, an implement in which the shares or tynes follow each other consecutively, wedging off 
the soil to a loose side. 

Lastly, as small an amount of manual labour as practicable. 

AGRICULTURAL ENGINES. Fb., Machine* a vapeur locomobile appliques a f agriculture ; 
Ger., Uarnpfmaschinen vervendet xu landwirthschaftUchen Ztcecken ; Ital., Macchine a vapore agricole ; 
Span., Afaguimtria agricola. 

The portable agricultural steam engine of Holmes k Sons, of Norwich, is shown in Fig. 86. 
The construction of this engino is simplo ; the working parts being all outside, the whole can bo 
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adjusted readily. It is fitted with a cranked shaft, bo that a wheel or driving drum can be fixed 
at cithor Bide. It has a governor, of simple form, having few parts, which works with precision. 
Every part of the engine is of great strength, wrought iron being used where practicable. The 
piston-rod , pins, and small parts arc* made of steel. All the brass liearings are wide and easy to 
adjust. Tnc feed-pump is fitted so as to prevent any liability of accident in frosty weather, and in 
such a manner that it cannot easily get out of order. The boiler is of sufficient cajjacity, and 
capable of doing heavy work without priming. The cylinder is large, with 14-inch stroke. 

The engine of Hausomes k 8ims, Fig. 87, is specially designed and constructed to economil© 
fuel and to regulate its consumption according to the power required. It lias a feed crater-heater, 
or reservoir placed in the smoke-box of the engine, in which the* water is heated by the exhaust 
steam and hot air passing from the f re-box to the chimney. A double feed-pump is in connection 
with this heater by means of pipes shown on the side of the engine. One pump draws the cold 
water from the supply tank and discharges it into the heater. The other is supplied with 
hot water from the heater, and forces it into tho boiler. The slide-valve is on the gridiron 
principle, and the pressure of the steam is removed from the back of the valve by means of 
metallic equilibrium relief-rings kept up to the faceB of the slide-case cover by moans of spiral 
springs ; those valves are found to be ns easily moved when tho steam is on as when it is off. The 
cut-off, or expansion-valve, is worked by a movable eccentric. Tho adjustment of this eccentric is 
very simple ; it is Jield in its place by a nut screwed to a bolt fixed to the fast eccentric, under 
which is placed a pointer, which slides on a plate graduated with the various grades of expansion, 
and fixed to the other eccentric, and the engine-driver has only to adjust tho loose eccentric until 
the pointer reads the mark in tho grade which corresponds with tho point at which tho steam is 
cut off in the stroke of the piston. The general construction of the engine is very strong. The 
average consumption of fuel is about 3 5 lbs. of ordinary cool an hour. 

Clayton , Shuttlevorth, $ Co.'s Portable Steam Engine . — This engine, Fig. 88, in its construction 
presents a method of heating tho exterior surfaces of the cylinder and steam chest. The cylinder 
is placed in the smoke- box surrounded by a jacket forming an annular space, which, being filled 
with steam, heats the cylinder, and, at the same time, protects it from the injury that would b© 
caused by direct contact with the heated gas. By this arrangement condensation and rndiation 
tire prevented. 

There has been a great objection to placing the cylinder and steam chest in the interior of the 
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boiler, as it rendered the engine more difficult to exomino find repair; but in the engine under 
notice this has been obviated by leaving both end* of the cylindor and steam chest exposed ; the 



covers can be removed, and tho piston and slide-valve cleaned or adjusted as expeditiously as in 
on outside cylinder engine. This engine is also made to reverse. Bee Engines, varieties of. 

R’orh appertftiniM to this subject : — _ . _ 

‘The Implements of Agriculture,’ by J. A. Ransnme, royal 8vo, 1843. 

4 Tho Farm Engineer, a Treatise on llarn ilachinery,’ by R. Ritchie, royal 8vo, 

1849. 

* Agricultural Engineering,’ by G. H. Andrews, 12mo, 1852-3. 

‘On 8 team Cultivation,’ by John Fowler, jun. Proceedings Inst. Mechanical 

Engineers, 1857. 

* The Book of Farm Implements,’ 
by James Slight and R. 8. Bum, 
royal Kvo, 1858. 

’Tho Official Illustrated Cata- 
logue of the Exhibition of 1862,' 

British Section, 2 vola., imperial 
8vo, 1862. 

* On the Application of Steam 
Power to Agriculture,’ by John 
Fowler and D. Greig. Proceedings 
Inst. Mechanical Engineers, 1865. 

* Steam Cultivation,’ Engineer- 
ing, vol. iv., 1867. 

‘ Etudes Kur I’Expoeition,* 1867. 

Lacroix, Paris, 1867-8. 

4 On Steam Cultivation,’ by 
Baldwin Latham. Transactions of 
the Society of Engineers, 1868. 

‘ Officieller AnsstoUnngs-Bericht 
l^ausgegeben duxch das K.K. 

Ostw^chisehe Central - Comite. ’ 

Vienna. 1868. 

AK II S METAL. Fm, MStal 

d'au'A ; Oku., Airh’s Mrtatl ; Itaj.., 

Left aAiok ; Span., Metal d« Aich. Bee Aixoys. 

A lit- B FUCK. Fi;.. Brique creusc ♦ f»EK., Ifohlziejd ; ITAL., ( irata dello tpinujlio, delio sfintatoio ; 
Stan., lAsdriUo ptrforado. 

An air-brick is a brick of the ordinary ante, made of earthenware, bnilt into tho wnlls of a 
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building, but perforated, Fig. 80. to admit air under the floors or into the rooms. It is sometimes 
mode of cast iron, with a slide worked by a small knob, Fig. IK), to enable the ojicnings to be closed 
if required. 


Aiu-Oratino is similar to An air-brick, but of larger size and of less thickness in proportion to its 
other dimensions. It is used as in the case of the air-brick, to admit air to the interior of buildings. 

AIR-CHAMBER FlL, ChopinctU, trochee, reservoir (fair ; Gut., WindJtestti, Windraum ; ItaL., 
Serbatoio tfaria ; SPAN., Cdmara de dire. 

A cavity containing air to act as a spring for equalizing the flow of a liquid in pumps and other 
hydraulic machines. 

Fig. 91 is a section of a locomotive feed-pump ; the water is drawn in by the action of the plunger 
in the barrel A, through the feed-pipe B, and valves E, which rest on their seats F, and held in placo 
by the cages G ; the water entering the air-chainl>cr I), in 
the top of which the air is compressed, forcing the water 
out of the delivery-pipe C beyond its middle position when 
the piston is at the end of its stroke. The fecd-punqta 

of American locomotives are supplied with air-chambers / V 

d, d, on the suction side, as well as I), I), for the delivery. pOv 

This pump was invented by Walter McQueen, an Syr I] II 

American engineer. The elastic force of the cushions /yr R | ; | 

D, </, of condensed air in the air-chaml>ert<, relieves the f t o ( C I D 

pipes, valves, and joints from sudden shocks; Itesides, j. L— _ — — — H 


the water at EF will lie 30*25 inches a second, while IV ~ jl; ^ j 

at A B in the larger pine the velocity is only 9 inches a 

second; for = 30 - 25. Now let W bo tho PI 

weight of a column of water which produces the pressure " — 

P, which may be supposed constant, and put t for the time / 

of its operation, long or short, and m = -- = g., . ^ ; whence I 

P t = m r, c being the velocity, therefore P = jr. This \ X ^ ”■ 

expression shows that the effort required to impart or 

destroy a quantity of motion m r is so much the greater as the time employed is less ; and since the 
reciprocal action of bodies is more rapid compared to the spaces described, their compressions, flexures, 
and penetrations are less for the same quantity of motion destroyed. 

We hove here explained why the shook of hard Ixxlies, the transmission or destruction by bodies 
slightly flexible, compressible, or extensible, occasion such great efforts and such ruptures and acci- 
dents ; and how it is. on the other hand, by the interposition of soft and compressible bodies, that 
the intensity of efforts and their consequences a re so much diminished. Wc may see by the expres- 
sion P = y p that a finite velocity could never imjiort in an infinitely small time to a mass m, except 
by an infinite effort, which shows tye error in the hypothesis of the instantaneous transmission of 
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motion by forces, to which wo are then compelled to give a special name, and thus suppose a special 
nature in calling them forces of oercussion. This error is often too explicitly admitted in tho 
teachings of rational mechanics. Nothing like an instantaneous operation really occurs in nature ; 

a uantitics of motion are imparted and destroyed in greater or less periods of tune, sometimes, in- 
eed. imperceptible to our senses and means of observation, but never instantaneous. 

Suppose tho force acting on the plunger to bo 48*3 1W. on the square inch, and that it is required 
to find tho pressure acting on a valve at e /, which valve opens Jthsof an inch against tho action of 
48* 3 3 

a spring ; then = -^ = in ; we have beforo shown that tho velocity of the water in the small 
30*2.’) 

pipe E/ = 30 • 25 inches a second, = feet a second ; whence the force acting on each square inch of 


the valve will be- 


12 
3 242 

2 x T* 


30-25 

12 


= 130-7 lbs. 


* 7,77 

for tho time the water in tho small pipe is moving over ^ in.= -- ft. = seconds. When the 



spring at e /, or the pressure of the water and steam in a boiler becomes too great to he overcome 
by the action of the plunger 1*, the air in tho air-chamber I), Fig. 91, by Wing condensed, con- 
servates the balance of the force of the water passing through the small pipe, and delivers such 
concentrated force when tho plunger injects more water. Cure should be taken in making use of 
what is here termed the quantity of motion or momcn/um, for when we know tho product of the 
mass m, of a body, and the velocity imparted to, or taken from it. we have the measure of effort pro- 
duced by the force during tho period of action ; but we see that this measure cannot be taken as a 
term of comparison except for analogous cases, whore the velocities are really imparted or destroyed 
by force ; and it does not follow that the product I* /, of the force, by its period of action (equal, when 
there is a change of motion, to the quantity of motion imparted or destroyed), should always Bcrvo 
as a measure of the effort of forces, as is sometimes admitted for certain instruments and certain 
kinds of work. It is often seen that an effort may continue a long time without producing a 
mechanical effect. Thus, horses pulling Upon a mind waggon, without starting it, develop consi- 
derable efforts, which multiplied by the jieriod of their action would give an enormous product 
without any useful effort resulting in any mechanical work, and nothing but fatigue and exhaustion 
of the horses. Take, for example, the draught of a plough, which in strong earth requires a mean 
total force of 794 lbs. Suppose the furrow to Is* 400 feet long, the hones in one take 100", and in 
the other 200" to plough it. We ahull have in the first case. I* / = 794x 100" = 79,400; and in the 
second, P t — 794 x 200"= 158.800; and yet in Loth cases they have accomplished the same work. 
An instrument giving the product of efforts by the times or periods of duration would by no means 
lead to an exact appreciation of the mechanical effects produced. The true measure of these effects 

is the product of the effort exerted by the path 
dcsrril>ed in its duration, which is usually estimated 
in units of tori. 

It should be further observed that it is only in tho 
case of a constant effort acting during a time /-l" 
that we can tnke the product m t for the measure of tho 
effort F ; W Wing put for the weight, we have— 

F = m e = r j or the proportion, F; W “ r t g. 

9 

Rut in cases of variable efforts the same mode of 
measurement does not apply for finite times, for forces 
varying according to very different laws may in the 
same tune impart equsl quantities of motion to tho 
same body, or to different bodies. The formuW F = m r 
will only give then the value of a mean constant effort, 
capable of inqiarting in the same time the samo 
quantity of motion. 

Fig. 93 represents a simple form of the self-acting 
Rum , invented by Montgolfier. This illustration is 
merely draw n for tho purpose of explaining the oiiera- 
tion of the air in the air-chamWr. The motive column 
descends from a spring or brook A, through the pipe B, 
near the end of the airebamber D, and rising main F, 

A 


which arc attached, as shown in the figure. At the extreme end of B, the orifice is opened and 
closed by a valve E. This valve opens downwards, and may W cither a spherical one or a 
common spindle valve, as show-n in tho figure. It is the ploy of this valve that renders the 
machine Hclf-acting. To accomplish this, the valve is made of, or loaded with, such s weight as 
just to open when the water 11 is at rest, that is, it must be so heavy as to overcome the pressure 
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against its under-side when closed, ns represented in Fig. 93. Now supposing this valve open, 
the water flowing through B soon acquires an additional force that carries up the valve against its 
seat : then a portion of the water will enter the nir-chambcr I) and rise in F. the valve of tho 
air-chandier preventing its return. When this has taken place, the water in B has been brought 
to rest, and as in that shite its pressure is not quite sufficient to sustain the weight of the valve, 
E opens, descends ; the water in B is agnin put in motion, when its whole pressure begins to act, 
and again closes E, as before, when another portion is driven into the air-vessel 1), and pipe F; 
and thus the operation is continued, as long as the spring affords a sufficient supply anti the 
apparatus remains in order. The pressure which closes the valve E is that due to the short range 
of the valve and the increased velocity acquired by the water in passing from a large to a smaller 
pipe. The surface of the water in the spring or source should always l>e kept at the same 
elevation, so that its pressure against the valve E mny always be uniform, otherwise the weight of 
E would have to bo altered as the surface of the spring rose and fell. 

This ingenious machine may be adapted to numerous localities in every country ; but when 
the perpendicular fall from the source to the valve E is but a few feet, and the water is required 
to Is; raid'd to a considerable height through F, then the length of the ram or pipe B must l*j 
increased, and to such an extent that the water in it is not forced buck into the spring when E 
closes, which will always 1m? the case if B is not of sufficient length. If a ram of large dimen- 
sions, nnd made like Fig. 98, be used to raise water to a great elevation, it would be subject to 
an inconvenience that would soon destroy the beneficial effect of the air-chamber I). For ir air be 
subjected to great pressure in contact with water, it in time becomes 
incorporated with or absorbed by the latter. This somethin* occurs 
in water-rams like this, for when used they are incessantly at work 
both day and night. To remedy this, Montgolfier ingeniously 
adapted a very small valve, opening inwards to the pipe beneatn 
the nir-chaiuber, and which was opened and shut by the ordinary 
action of the machine. Thus, when the flow of the water through 
B is suddenly stopped by tho valve E, a partial vacuum is produced 
immediately below the air-chamber 1) by the recoil of the water, at 
which instant the small valve opens, and a jtortion of air enters and 
supplies that which the water absorbs. Sometimes this Snifting- 
mire, as it has been named, is adapted to another chamber imme- 
diately 1m*1ow that which forms the air-chamber, as at G. In small 
rams a sufficient supply of air is found to enter at the valve E. 

The compressed air in 1) not only eonservatos the work expended in 
raising the water to II, but also the work required to overcome tho 
friction of the water in the pij>e F H ; and consequently the uir in 
the air-chamlicr lias tho power to close the valve K when tho water 
At H liegins to return. 

P. H. Vander Weyde has invented a second air-chamber, Fig. 94, 
to lie attached to the induction-pi|>c, which has a small opening by 
which air is admitttd from without. By the operation of tho 
pumps, air is gradually withdrawn from this chamber and conducted 
to the principal air-chamber attached to the deliveiy-pipc. 

H and F are air-chambers, P and N valve*, and It and G stop- 
cocks, all arranged so as to supply tho constant loss of air taking 
place in nir-chnmbers. Keo Hydraulic*. Pumps. 

AIlt-DRAIN. Fr., Conduite dair; Ger., Luftkamd; Ital., Condotto (Faria ; Spas., Alcantarilla 
para Ui conduction de airt. 

A cavity in the external walls of a building, to prevent dampness, is called an air-drain. 

Air-Engine. Heated-air Engine. 

ALB-ENGINE. Fk.. Machine a 
air chand ; Ger., Atmnsjyhdrische Mosc- 
hino ; Ital., Jiacchina ud aria calda ; 

Span., Maqtiina do airc. 

The engine. Figs. 95. 9C, 97, 98, 
invented by Philander Shaw, works 
with heated air in a close combustion 
chamber, where it comes in direct con- 
tact with the fuel, and is mixed with 
tho gnseou* products of combustion. 

The air and gases pass through the 
engine, and effect its movement, part 
of the power being made use of to 
unip fresh cold air into the com- 
ustion chamber. There is no special 
air-pump provided for this purpose, as 
the cylinder is made single-acting, and 
the piston has a large trunk which 
forms an annular space in the cylinder, 
and tho latter is made use of to act as 
tho air-pump. This arrangement has tho advantage of keeping tho cylinder cool, since part of its 
surface is always in contact with cold air. There are two cylinders having their pistons connected 
together by a beam, so as to form conjointly a double-acting engine, each single-acting cylinder 
acting during the return stroke of tho other. The two cylinders A, A, Fig. 97, and their arrange- 
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m en t, art- shown in section in Fig. 90. Fig. 97 shown a section of tho engine ou a horizontal plane. 
The combustion chamber in a vessel constructed of boiler plates, and lined with two rows of fire- 
bricks, all round between which a jiassBge is left for the circulation of air. Tho air, passing in cold, 
takes up the heat from tho inner row of 
bricks, and prevents tho outer row be- 
coming very hot and wasting heat by 
radiation. Tho piston B, Fig. 96, 
carries tho trunk B', which leaves tho 
annular space D to act as an air-pump, 
the valves E and F regulating tho 
inlet of the cold air in the dowTi-stroke, 
and its outlet into the comhustiou 
chamber during tho up-strokc. There 
is a regenerator or air-heater interposed 
between the air-pump and the com- 
bustion chamber ; this is showm at K. 

Fig. 98 ; it consists of a series of ver- 
tical pipes, through which the exhaust 
air from the engine passes up a chim- 
ney. The waste heat of this air is 
utilized in the regenerator by being 
partly taken up by the cold air passing 
outside tho tubes and arriving at tho 
combustion chamber at a higher tem- 
perature. The fire-door is at tho 
top of the chamber, which is provided 
with a dome a, Fig. 98. The grate is 
slightly inclined towards the ash-door 
/. All these doors are carefully closed 
during the working of tho engine, as 
tho pressure within would bo reduced 
by leakage. The valve* are worked 
by cams and levers, and no special 
arrangements are required, in working 
this engine, to keep the cylinder cool. 

By another arrangement, which we 
illustrate in the annexed engravings. 

Figs. 99, 100, 101, tho upper end of 
the cylinder a. Figs. 99, 100, is made 
of such capacity that when the piston 
6 reaches tile top of the stroke at c, a 
space d may tie left, in which the por- 
tion of air not required may lie com- 
pressed, and, consequently, will not 
enter the furnace, and, by its subse- 
quent expansion, will assist the down- 
stroke of the piston. This space may 
be formed between the piston and 
cylinder lid, or tho air may tie com- 
pressed in a side passage or reservoir. 

In these engines Wenham prefers 
carrying the crank shaft <*, in bearing* 
bolted to the top of the flange of tho 
cylinder, and working the crunk by 
a return connecting rod /, with the 
guides from the piston-rods above, 
similar in form to that known ns a 
rleeple engine ; in other resjiecta, os in 
the furnace and valve arrangements, 
the jiarts are substantially the same 
as in most hot-air engines, constructed 
by others os well as Wenham, In tho 
engine, Figs. 99, 100, however, Wen- 
ham places a disc of fire-clay above 
the furnac<*, os shown at A, Fig. 99; 
this is supported on the rim of the firo-jian, and has a central hole, equal in diameter to the boro 
of the fuel hopper /, which touches the disc, and the bottom edge is thus protected from the direct 
heat of the fire. Around the disc are a scries of perforations, J, showu in plan. Fig. 101, leading 
to the annular space of the stove; a jet of pure flame rises through each of these at every stroko of 
the engine, and at the same time the fire is prevented from rising above its proper level. 

AIK- ESCAPE. Flu, Appareil pour f ecfuippeinent dc lair; Ger., Vorrichtung xum enliceichen 
dcr Luft ; ItaL., Sjiatatuio ; Span., Venteador. 

An air-escape is a contrivance for letting off the air from water-pipes. It consists of a hollow 
bell F, Fig. 102, attached to the upper part of the pipe, in which a ball-cock C is placed, adjusted 
in such a way that when any air collects in the pipes A and E, it will ascend in tho vessel, and, by 
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displacing the water, cbuho the ball to descend, and thus open the cock B, and allow the air to 
escape. No water, however, can follow it, for when the fluid rises to a certain height the ball rises 
to P, and Bhuts the cock. 

AIR-GUN. Fr., a rent ; Geb., WindbUchse ; Itat.., Sckioppo a d aria ; Span., Fusil de viento. 

An air-gun is an instrument resembling a musket, made to discharge projectiles by the force of 
compressed air. 

AIR-HOLE8. Fr., Vetsie ; Oer., Luftblase ; Ital., Iiollt (Turin ; Span., Jltspiraderos. 

Holes or cavities in a casting, produced by bubbles of air in the liquid metal, are termed air- 
holes. 

AIR-PIPES. Fr., Vmtilalcurs, Conduit ou carrcau a air ; Gkb., Luftrtihren; Ital., TuhidelVaria; 
Span., Ventiladortn. 

Air-pipes are pipes used to draw foul air from a ship’s hold, mines, and other close places. 
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AIR-PUMP. Fr., Pom pc h air, machine pneumatiquc ; Ger., Luftpnmpt ; It A I.., Tromha , Macchina 
jmcumatica ; SPAN., Bomha de aire. 

Any pump or machine employed to exhaust the air from a closed vessel is termed an air-pump. 

In the air-pump designed by E. 8. Ritchie, Fig. 103, the lower valve it* conical, held in place 
by a triangular stem fitting the tube: it is raimtl by the valve-rod passing up through a stuffing- 
box in the piston. An enlarged section. Fig. 104, shows the manner in which the attachment la 
made which ullows a motion of the rod sidewise, so that any slight change of fonn ]ox 

of the packing of the piston, or stuffing of the rod, cannot prevent the valve from 
shutting properly. The cone of the valve is ground to a perfect fit to its s*at, but 
the valve is also furnished with a disc of oiled silk, which projects just beyond its 
outer edge, and touches the fiat surface of the valve-seat ; the valve-rod extends 
up. and its upper end is secured in a hole drilled in the upper plat*;, of depth 
sufficient to allow motion vertically to open the valve. The piston is of thick 
brass, made in two parts; the upper piece has a hole drilled larger than the 
piston-rod, the lower part of a conical fonn, ground to fit a cone on the pi*ton-rod ; 
this forms the piston-valve. The lower piece of the piston covers the end of the 
piston-rod, but allows it enough motion to open the valve; a series of sinnll holes 
through the plate gives a free jiussage for the air to the valve. A third valve is 
placed outside the cylinder, made of oiled silk in the usual way. In the upper i 
plate of the cylinder is inserted a steel lever, one end of which covers the valve- 
rod ; the other end, when the lower valve is closed, is flush with the plate, but 
when the valve is raised it projects into the cylinder. 

In action the first motion, upward, of the piston-rod closes the piston-valve ; 
the first motion of the piston ojh-iis the lower valve; os the piston ascends, the air 
above it is forced out through the upper valve, and air from the receiver flows U Nr 
imolistructedly into the cylinder. The piston strikes the tail of the lever, and nt 
the instant of arriving nt the top closes the lower valve. The first downward 
motion of the piston-rod <>|ien* the piston-valve ; the air remaining iu the interstices 
above the piston distributes itself equally throughout the cylinder, but none can 
pass the lower valve back into the receiver. When the piston again reaches the bottom of the 
cylinder, the interstices below are filled with air os rarefied as a pump with ordinary valves can 
exhaust. 

The air-pump of Robert Gill, Fig. 105, consists of a cylinder a, to the lower flange of which the 
bell-mouthed vessel h , projecting upwards into the cylinder, is secured. Between tho outer side of 
the vessel and the inner side of the cylinder, the tubular bell-shaped 
piston c is situated. Tho hollow piston-rod d is screwed into tho 
upper part of the piston, aud the leather flap-valve e is held firmly 
between these two parts by the gripping action of .the screw. Tho 
lower part of the piston-rod d is tubular, and a small leather-packed 
piston f is fitted to the rod, carrying at its lower end the valve A. A 
purt of the rod abaft tho valve A is encircled by a helical spring. 

The upper cover of the cylinder is provided with an air-escape valve i, 
which is immersed in a reservoir of oil to ensure its tightness, and the 
air extracted from the receiver escapes through the small hole o. The 
cup and tube k ure used for supplying the liquid to the cylinder. 

To prepare the apparatus for work, the upper cover of the cylinder 
is taken off, and the cock i opened. The fluid is then (toured down 
the tube k into tho cylinder until the piston is completely covered, the 
cover being replaced and the cock shut, the apparatus is then ready 
for action. On moving the piston upwards, the valve A would, if free, 
be also drawn up by the friction of the small piston / in the tubular 

S iston-rod. The spring m, however, is of greater length than the 
istance between the under side of the piston c and the valve A when 
the piston is at its lowest position, consequently the spring m is com- 
pressed until the piston c is raised through a distance corresponding 
to the length of tho spring. Being in this state, tho elasticity of tho 
spring overcomes the tendency to raise the valve A, produced by tho 
friction of the small piston /; the valve A is therefore maintained , 
close against its scat until the elasticity of the spring ceases to act, or, 
in other words, until the piston c is elevated through a distance equal to the spring length, on 
arriving at which point the valve A begins to rise. Tho foregoing arrangement of the spring and 
valve is necessary for the following reason; — If tho valve were free to rise, the apparatus being 
charged with oil, some of it would flow through the valve opening, and enter the tuue leading to 
the receiver, into which it might pass. As the piston, however, is raised higher, its tubular |«rt 
being gradually emerged from the annular space iu the lower parts of the cylinder, the level of tho 
oil under the piston is lowered, the space for holding the liquid being gradually enlarged, so that 
the valve is left uncovered by it. The apparatus is shown in the figure in the position of inaction 
of tho spring, and with tho valve open. 

Before raising the piston the space below it is completely full of oil, and the joints through 
which air might intrude are all covered with this liquid; consequently, the space left by 
tho motion of the piston must remain perfectly empty, at least as regards air. The vacuous space 
below tho piston l>eing now in communication with tho receiver through the tube n, becomes filled 
with air more or less rarefied ; at the same time the air contained in the upper part of the cylinder 
being compressed by the ascent of the piston, raises the valve i, and exeats into the atmosphere 
through tne aperture c. As the pressure above the piston is greater than that below it, a small 
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1 eakage of oil takes place downwards through the interstice round the little piston-rod, and 
dropping upon the shield attached to the vnlve A. falls into the annular space, and there accumu- 
lates during the ascent of the piston. The interstice for leakage allows only a small quantity of 
oil to jjftsa, otherwise the valve A might be overflowed before the piston logins to descend, and con- 
sequently before the valve was closed. It will be seen that in every part of the piston's motion 
its lower edge is immersed in the oil, which prevents any lodgment of air between it and the sides 
of the cylinder. 

At the commencement of tho downwnrd motion of the piston, the valve A is closed immediately 
by its piston /, and the valve »' is closed by its own weight and the atmospheric pressure; the space 
below the piston becomes smaller ami smaller as the piston descends ; at the beginning of 
the upward stroke all the space below the pistou was full of oil, and during the upstroke more oil 
has {mused down into the annular space ; the consequence is, that when the piston reaches the 
bottom of its stroke, the space below being completely full, it is evident that the air extracted 
from the receiver must la? completely expelled through the apertures e e. together with that small 
quantity of oil which passed downwards through the interstice around the rod, during the ascent 
of the piston. The sjsice below the piston is thus infinitesimally reduced, and consequently tho 
air is completely expelled, however rarefied it may have been on entering from the receiver. 

The most perfect air-pump is that invented by Hermann Sprengel, Fig. 106, which consists of a 
glass tube c d, longer than a barometer, open at both etuis, and in which mercury is allowed to fall 
down, supplied by the funnel A, with which the tube is connected at c. The lower end </, of this 
tube dips into a small glass bulb B, into which it is fixed by means of a cork. This glass bulb has 
a s]Miut at its side, situated a few millimetres higher than the lower end of the tube c d. The first 
portions of mercury which run down will consequently close tho tube, and form a safeguard 


I Oft. 
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against tho air which might enter from la-low, if the equilibrium should bo disturbed. The upper 
jiart of c d brandies off at x into a lntcrnl tube, to which the receiver R is affixed. As soon as tho 
stop-cock at c is opened, and the mercury allowed to run down, the exhaustion begins, and 
the whole length of the tube, from x tod, is seen to be filled with cylinders of mercury and air, 
having a downward motion. Air and mercury escape through the spout of tho bulb B,' whidi is 
above the basin H, where the mercury is collected. This has to be poured back from time to time 
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into tho runnel A, to pass through the tube again and again, until the exhaustion is completed. 
Ah the exhaustimi is progressing, it will bo noticed that the enclosed air betwoen the mercury 
cylinders becomes less and lees, uutil the lower part of e d presents the aspect of a continuous 
column of mercury, about 30 inches high. Towards this stage of the operation a considerable noieo 
begins to be heard, similar to that of a shaken water-hammer, and common to all liquids shaken 
in a vacuum. The n|>cratiun may be considered completed when the column of mercury does not 
enclose any air, ami when a drop of mercury falls upon the top of this column without enclosing 
the slightest air-bubble. The height of this column now correspomls exactly with the height of tho 
column of mercury in the barometer ; or, what is tho same, it represents a barometer, whoso 
Toricellian vacuum is the receiver It. 

The pump, Figs. 107, 108, of the pumping engine at Hartford. U.S., is noticed here on account of the 
peculiar action ami arrange ment of its valves and pistons. The engine is a double-acting condensing 
crank and beam engine, with a single cylinder 32 "375 inches diameter, five feet stroke, with an ad- 
justable cut-off. The injection water is taken from the well. There is a heavy fly-wheel of 22 
feet diameter on the crank-shaft, ami power is communicated by a pinion of twenty-seven teeth on 
the end of the shaft, gearing into a spur-wheel ou either side, of eighty teeth, and on each 
spur-wheel shaft are two cams, each giving motion to a set of pumps by means of lM'll-crenks. 
Knch set of pumps consists of two pistons or boxes in one chamber or cylinder, one nbove the other, 
see Figs. 107, 108 ; tho piston-rod of the upper one being a tube, and the piston-rod of the lower 
box passing through it, the valves are butterfly- valves hinged in the middle ; and each piston com- 
mences its stroke slowly, and increasing in a short space to its uniform velocity, and at the end 
decreasing for like distance till it stops. Thus while tho lower box is rising,' tho upper is de- 
scending, the water passing up through the valves of the upper box ; but just before the lower box 
has completed its up-stroke, the upper box has completed its down-stroke, and commence* to rise*, 
the lower decreasing in velocity and tho upper increasing : anti, vice versa, during tho rise of tho 
upper l>ox the lower one descends, and commences to rise in time to relievo the tipper box at the 
end of its stroke. Thus the stroke of one box laps on to that of the other, and the absolute move- 
ment or stroke of 17 '875 inches of each box may la? considered 16*125 inches effective. 

AIR-SHAFT. Fb., J'uits cT adrage, Bute a oarage ; Gut., Luftsckackt, Wettersckackt ; Ital., 
Pox io di tnina ; Span., Pozo dc ventilation. 

An air-shaft is a passage for air into a mine, usually opened in a perpendicular direction, and 
meeting the adits to eanse a free circulation of fresh air through the mine. 

AIlt-STOVE. Fr., C'dorifere a air chaud ; Gkr., Ofen turn heitzen mit uxtrmer Luft ; Ital., 
Calvrifcro ; Span., CaloHfero de aire caliente. 

An air-stove is an enclosed fire-place so constructed as to admit a stream of air to pass round it 
or through it, and thiB impinging upon a heated surface is rarefied, carried upwards, oml warms the 
apartment. See Ventilatino and Warming. 

AIR-TRAP. Fr., Arrangement pour prdvenir Cair impur des €gouts rt des rigolen tie se disperser 
dins ies batiments ; Geb. ? Bine Vorriektung zum zuruckkalten von fouler Luft m Chakcn ; Ital., Vafoola 
ad aria ; Span,, Dispocion por impedir el escape dclC aire impuro de sumidrros. 

An air-trap is a trap immersed in various ways in water, to prevent foul air rising from sewer* 
or drains. 

AIR- VALVE. Fn., Soupape a air ; Geb., Luftventil, Luftklappe ; Ital., Valvola di sicurezza per 
il vuoto ; Span., Vdlnda de aire. 

An air- valve is a safety-valve fixed at the top of a steam-boiler, and opening inwards to prevent 
rupture from the pressure of the atmosphere upon the sides of tho boiler, should a vacuum occur 
within from tho steam becoming condensed, or partially so. 

AIR-WAY. Fb., Air adrien ; Ger., I.uftireg ; Ital., Corto deWaria; Span., Conducto de aire. 

A tubular jiassage for air flowing in pipes is termed an air-way. 

AJUTAGE. Fa., Ajutage, A j uteri r ; Ger., Aufsatz (fur Springbrunnen ) ; Ital., Tubo (faggiunta ; 
Span., Tubo para rcgularizar la salida de aqua. 

A tul»e through which water is discharged is called an ajutage ; as the ajutage of a fountain. 

ALGEBRAIC SIGNS. Fb., Signcs algefbraiques ; Ger., Algebraisehe Zeichcn ; Ital., Segni 
algebric i ; Span., Seikd, 6 nota algebrioo. 

The sign +, termed plus, or more, is, like each of the other algebraic signs, a mere conventional 
mark : it indicates addition ; thus, 18 -f 13 = 37. that is, 18 added to 13 equal .‘17. 

= being the sigu put for, equal to; equal ; or equals, a +6 = c, or, in words, a added to b make* 
a sum equal to c. 

-f is sometimes used to indicate that figures have been omitted from tho end of a number, 
or tlmt the number is approximately exact, as tho arjuare rook of 5 is 2*2860079 -f . 

This little cross mark, when written diagonally like x , stands for multiplied by ; as. 15 x 8 = 120. 

x also stands for times and into ; as, « X b = ah. Multiplication is also often indicated by 
placing a dot between the factors, or by writing the latter, when not numerals, one after another, 
without any sigu ;as,«xf>xcxd = a m b m e‘d - abed; 1x2x3x4 = 24- 1 ‘2*8*4. 

a (i -f a ■+■ a -f a = A time's «», written 5 a, must not be confounded with <ixaxaxaxa=a 
in the fifth power, written a*. If a = 2, then in the first case 5 a = 10 ; and in the second a 6 = 32. 

— Minus. Icsb; which indicates subtraction ; as, 7 — 8 = 4; that is, 7 leas or diminished by 3 is 
equal to 4 ; if p be put for 7, q for 3, and r for 4, then p — q = r. 

-t- or l stands for divided by ; as, x -4- y ; that is, x divided by y. Now, to take a particular case, if 
x = 24, and y = 8, then x-4-y = 24-*-3 = 8. However, division is more generally indicated by 

writing the divisor under the dividend, with a line between them ; as, X ; that is, x divided by y. 

* 20 

Supposing x to bo put for 20, and y for 3, then ^ = — = 6J. 
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Small figures, 1, 2, 3, 4, &c., termed indices, are placed above and at the right hand of quantities 
to denote that they are to bo raised to powera whose degree is indicated by the figure ; as, <i or a 1 , 
that is, the first power of a ; a 2 , the square or second power of a ; a 2 , the cube or third nowerofa ; 
a 4 , the fourth power of a ; and the like. 4 3 = 4x4x4 = 64. Small figures, in indicating powers, 
are often preceded by the negative sign ( — ), and thus show or indicate the reciprocal of the corres- 
ponding power ; as, a~ x , a -5 , a - *, <r* 4 , &c., are respectively equivalent to &c. 

jJ, or ^'signifies root .-—-indicating, when used without a figure placed above it, the square root : 
as, 9 = 3; 289 =17: = 4<i; and so on. This symbol is called the radical sign. 

To denote any other than the square root, a figure (called the index), expressing the degree of the 
required root," is placed above the sign ; as, 4/ «, */ <u %/ <*, &c. ; that is, the cube root, fourth root, 
ninth root, &c., of a. J is merely a modification of the letter r, which was used as an abbreviation 
of the Lotin word radix, root. The root of a quantity is also denoted by a fractional index at the 
right-hand side of the quantity and above it, the denominator of the index expressing the degree of 
the root ; as, a*, a*, ; that is, the raiUAre, cube, ami fifth roots of a , respectively. 

Vinculum, I Tneee signs indicate that the quantities to which they are 

( ) Parenthesis, > appended, or which are enclosed by them, are to be taken 

[ ], or { } , Brackets, ) together; as, 3 (8 + 11) = 57 : that is, 8 is first added to 11, 

and then the parenthesis shows that the sum 19 has to be multiplies! by 3. 3 (8 x 2 — 11)= 15 ; 
that is, from twice 8 take 11, and multiply the remainder by 3. But 3 (8 x 2)— 11 = 37, must not 
be taken for 3 (8 x 2 — 11). If a = 2 and 6=3, then, (a + 6)* = (2+ 3)* = 25 = a 
a X [6+0* (36-a*)] = 2[3 + 4(9-4)] = 46. 
aj[(a + l') + a * [36-<i 2 ] f = 2 f (2 + 3) + 4[9-4] } = 10. 

This last expression must not be confounded with the form 

a V J (« + b + «*)[3 6 - «*] } 5=1 2 J { 9 x 5 } = 6 J 5 = 18* 4164078. 

Is to, or the ratio of, is expressed by two dots, one placed over the other ; as. (!) between <1 and 
6, (o : 6), signifies ci is to 6, or tho ratio of a to 6. : : signifies as, or equals. This arrangement of 

dots is employed to indicate proportion ;as,aZ&!;c;tf; that is, a is to 6 as c is to d ; or, the ratio of 
a to 6 equals the ratio of c to d. In numbers, for example, if a = 7, 6 = 3, c = 35, then d= 15 ; for 

a c 

7 I 3 t : 35 t 15 ; as, axd=6xc;or^ = ^ • 

To understand the proper application of the symbols + ; - ; x ; ; J j ^ • ( ) ; 

and I :: : ; is of much importance to the practical mechanic and engineer, especially if he has 
neglected the study of mathematics ; for any person who understands common arithmetic, and how 
these symbols are applied, may detormino the numerical value of any general formula in particular 


For example, the slip (a) of screw propellers, or paddle-wheels, is given by the formula 

•J ij* 

J g* + d* 

in which g = the area of resistance, and d = the acting area. Now, if n bo required when g = 49 
square feet and d = 225 square feet, we have 

V1J76M S43 _ _ 343 _ 

* ~ ^49* + V ~ J 117IM9 + V IIXHNSS ~ 3 *3 + 3375 “ 8718 _ 

To illustrate this method of substituting numbers for their representative letters in established 
formula?, we select the following problem*, respecting the crank aud fly-wheel, from Byrne's * Essen- 
tial Elements of Practical Mechanics.* 

ProWcm,— To find the position of the crank corresponding to its maximum and minimum 
velocity in a single-acting engine : — Let O B and O D lx* the required positions on the crank, and 
let P represent the constant pressure of the connecting-rod, supposed 
to act in a vertical lino. Put Q = the constant resistance, acting at 
1 foot from the axis of tho fly-wheel, equivalent to the work of the 1 l0 ** 

engine. V 

The motion will bo accelerated from B to D. This acceleration 
will commence when tho moving pressure is equal to the resisting 
pressure, and it will coast* under the same oonaition. The former /S x — _ 

will oomspood to the position of minimum, the latter to that of Jl '"'-s. 

maximum velocity. Hence, at those two points the moment of P / \ n X, 

must be equal to the moment of Q, and the point D will be os much / 3L- — \ 

below tho horizontal line A O as tho point B is above it. / / X q \ 

P x CO = Q x 1. [1] / ( \ >\ 

Again, bv the equality of work, putting *L I fjLl o w Jr 

r s OB, [ ("c XZx/ / / 

Units of work by P in 1 revolution = 2 r P. \ \ ! / 

„ Q „ =Qx 2x31416. \ N ^ S / 

2r P = Q x 2 X 31416. [2] \ J / 

Dividing equation [l] by equation [21 X. / S 

.. . - * *31831 o' ^ 

r 8* 1416 ~ dlwl 


.*. From the table of natural sines *31831 : 
angle B O C. 


cosine of 71° 27’ ; for 


- is the cosine of tho 
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Problem . — To find the dimensions of the fly-wheel, such that its angular velocity nmy at no 
point differ from the menu velocity beyond a certain limit: — Let d and p bo the maximum and 
minimum velocities of the wheel at the distance of 1 font from the axis; \V the weight of the 
wheel, and k the distance of the centre of gyration from the axis. 

Work of P from B to D = P X BD = P x 2r x sin 71° *27' = 2rl*x *948. 

Q x 2 x 3*1416 x 142°54' 

Work of the constant pressure Q from D to B = =2 rP x *3968, by 

putting for Q x 2 x 3*1416 its value 2 r P, found in the last problem. 

Now the difference of these will give the uxtrk that goes to increase the speed of the wheel 
between the points B and 1), that is, *nirk going into the wheel between B and D = 

2 r P x *948 - 2 r P x 3908 = rP x 1* 1022. 

/>» ** W 

Accumulated work at B = — * 

<flk* W 

Accumulated work at D = — 5— — 

* 5 W 

Hence the accumulated work gained from B to D = tJ — (if* — jr), but this must be equal to 

“ *J 

tho work before fouud ; 

*** ^f(--/)-rPxM«22 [3] 

Lot V bo tho moan velocity of the wheel at ono foot from tho axia, and let tho extreme 
velocities d and p differ from this mean velocity by the nth part ; then 

V V 

d = V + — and p = V — - ; 

n r a 

••• m 

Let N be tho number of double strokes performed a minute, then 
„ 2 x 3- 1416 x N ^ _ 

V “ CO' 55 #1(H72 * X ; [5] 

Let U be the work of the engine, then 

U = ZrPN rP = j B s [6] 

Substituting tho values given in tho equation [4], [5], [6], in equation [3], 
and reducing, 2 g — 32$ 

_nU 32$ x 1*1022 

W_ A»N» x 4 x (• 10472)* 

W=^j x 808'2 [7] 

which is the expression for the weight of tho fly-wheel in pounds. 

If H be put for the horse-power of tho engine, then U = 33000 II ; substituting this in 
equation [7], and reducing to tons, 

w» £f,x 11907 [8] 

which is tho pxnroasion in units of tons. l.ct B = the mean radius of tho fly-wheel, e = depth 
of tho rim, then from a well-known property of the centre of gyration 

** = »> + j: 

substituting this in equation [8], then 

W = * - X 11907. 

(r»+ i)N> 

Neglecting ^ as being comparatively small, then 


It may be observed that tho weight of tho wheel varies inversely as tho cube of the number of 
strokes performed by the engine per minute. 

If a * tho area of the section of the rim in square feet, ami 450 lbs. be taken as the weight of a 

450 

cubic foot of the metal, then W = 2 it It a tons nearly. Substituting in equation [0T, and 
solving the resulting equation for R, 

, „ /n H 11907 x 2240 \» 

Uien K _ (^.,,*4 x 8141(1 x" 430/* 

. 21 3 /nU „ 

■ ' N V 0 - = B - 

which is an expression for the mean radius of a cast-iron fly-wheel of a single-acting engine, when 
there arc given the number of strokes of tho piston, the horse-power, tho area of the mean section 
of tho rim, and the proportional variation from a mean velocity. Proceeding in tho some way, for 
the double-acting engine, coeino B O A = 2 x -31831, 

12 /n H\i 

“ dR = N ( a”/ 
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In the fly-wheel BAW, Fig. 110, C A = R; C B = r, the outer aiul inner radius of the ring. 
W= weight of the ring in jxmnds: \r the weight of the anna, llo 

breadth of each, I) E-6. If y be tho centre of gyration of the 
ring and anna, then, putting y = C y, 

/GW(R«x7»)+w(4 r»x& i j 

V 12 (W+») 

In practice, the centre of gyration, including the ring and 
arms, may be assumed at y = r the length of the inner radius 
from the centre, O. Putting a for the angular velocity or 
number of revolutions a minute, at the end of the time t in 
which the fly-wheel would concentrate the same power as the 
steam engine, t may be taken = 128 seconds ; but when the 
work is irregular, t may Ik* taken as high aa 170 seconds. 

Taking these average quantities, tho weight of a fly-wheel for 
a given horse-power II will be 

Weight = Ol)‘x(10)«xl28H 

® o* r* 

Question, — Required tho weight of a fly-wheel when the engine is of 50 horse-power ; tho inner 
radius of the ring = 10 feet making 42 revolutions a minute ? 

Weight = 133100 yl 28 jijg _ 51 Oil lbs. nearly. 

42 4 xlO* 



We append other algebraic symbols, which have been employed by writers in treating of 
quantities that could be numerically expressed. Many of the following signs or symbols arc 
obsolete, rare, or of far less importance to tho mechanic or engineer tlmn those which we have 
explained and illustrated. 

± Divided by ; as, ci i. b ; that is, a divided by b ; 6l3 = fi + 3 = 2. [/tor*,] 

> Is greater than ; os, <i > b ; that is, <i is greater than b ; 6 > 5. 

C“ Is greater than ; — the same os >. [/tor*.] 

< Is less than ; as, <« < b ; that is, a is less than b ; 3 < 4. 

_D Is less than ; — the same as <. [/tor*.] 

< Is not less thau ; — the contradictory of < ; as, a <£ b ; that is, a is not less tlian 6 ; or, a may 
be equal to, or greater than, 6, but cannot bo leas than it. 

Is not greater than ; — the contradictory of > ; ns, a b ; that is, a is not greeter tliau 6 ; 
or, *% tuny be equal to, or less than, 6, but cannot be greater tlian it. 

Is equivalent to ; — applied to magnitudes or quantities which are equal in area or volnmc, 
but are not of the same form, or capable of superposition ; as, a* ^ 6c; that is, the square whose 
side is a is equal to the rectangle whose shies are a and 6. [/tore.] 

ttt Of the form of ; as n tts (2 n + 1 ) ; that is, the term a is of tho form 2 n + 1 ; 

17 t£? (2 x 8 +■ 1) ; that is, the odd number 17 is of the form 2 x 8 + 1. [/fore.] 
cfc, Is divisible by ; as, «i ct; b ; that is, 6 is an exact factor of a ; 8 * 2, [/tore.] 
s* The difference lictween ; — used to indicate the difference between two quantities without 
designating which is the greater ; as, a s- 6 ; that is, the difference between a and 6. 

— I The difference between ; — the same as [/tore.] 

oc Varies as ; is proportional to ; as, a cc b; that is, a varies os 6, or is dependent for its value 
upon 6. 

;; Geometrical proportion ;as, 41 a:6 ::c:<i; that is, the geometrical proportion a l b*. I c Id 

[/tore.] 

• • Minos; the arithmetical ratio of ; \ used to indicate arithmetical proportion; as, a •• b 
;; Equals ; is equal to; / ! I 0 •• d ; that is,(i — 6 = c— rf. [/hire.] 

c c Indefinitely peat ; infinite; infinity; — used to denote a quantity greater than any finite or 
assignable quantity. 

0 Indefinitely small ; infinitesimal ; — used to denote a quantity less than any assignable quan- 
tity ; also, as a numeral, naught ; nothing; zero. 

£ Angle; the angle; as, / A BC = /DEF; that is, the angle A B C is equal to tho 
angle D E F; — less frequently written > or V 

or A The angle between; as, <*6, or A*B; that is, tho angle between the lines a and 6, or 
A and B, respectively. 

By some geometers, the angle between two lines, as a and 6, is also indicated by placing 
one of tho letters denoting tho enclosing lines over tho other ; as, £ ; that is, the angle between the 


lines a and 6 ; sin. -r- • that is, the sine of the angle between the lines <1 and 6. 
b 

L Right angle ; the right angle ; as, L A B C ; that is, the right angle ABC. 

_L The perpendicular ; perpendicular to ; is perpendicular to ; as, draw AB 1 CD; that is, 
draw A B perpendicular to C D. 

(] Parallel ; parallel to; is parallel to; as, A B || C D; that is, A B is parallel to C D. 

V Equiangular; is equiangular to; as, ABCDy EFG11; tliat is, the figure A B C D is 
equiangular to tho figure E F G H. [Airs.] 

J_ Equilateral ; is equilateral to; as, X D E F; that is, the figure A B C is equilateral to tho 
figure I) K F. [/tore.] 

O Circle; circumference; 360°. 

Arc of a circle ; arc. 
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A Triangle ; the triangle ; os, AABO=ADEF; tliat is, the triangle A B C ia equal to 
the triangle I) E F. 

□ Sjuare ; the square ; an, □ A B C D; that ia, the square A B C D. 

O Rectangle ; the rectangle ; an CD ABCD = D EFGH; that ia, the rectangle A B C D 
equal* tin* rectangle EFO II. 

/ or F ; Function ; function of; a «;/=/ (x); that is, .v ia, or equal*, a function of x. 

Varioua other letters or «igu* are frequently used by mathematicians to indicate functions ; 
as, /, ip, + it, and the like. Some of these are used also without the parenthesis ; as, <p x, 
function of x. 

d Differential ; as, dx; that is, the differential of x. 

3 Variation ; as, 8 x ; that is, the variation of x. 

A Fiuite difference. 

D Differential co-eflieient : derivative; — sometime# written also d*. The variable, with 
respect to which the differential co-eflicient is taken, is indicated by writing the letter designating 
it at the right hand la-low ; as, 1), <p: that is, the differential coefficient of <p with respect to t. 

The letters rf, 3, A, D, and sometimes others, are variously employed by different mathe- 
maticians, prefixed to quantities to denote that the differentials, variations, finite differences, or 
differential co-efficients of these quantities art- to lie taken ; but the ordinary signification* are 
those given above. An index is often placed at the right hand of d, to indicate the result of one 
or more repetitions of the process denoted by that sign; as, J* x, d* x, Ac. ; that is, the second, 
third, Ac., differential of x, or the result of differentiating x two, three, Ac., times. This common 
device is clumsy and inadequate. 

* Fluxion; differential ; ux; that is, in modern notation, dx. 

/ Integral; integral of; — indicating that the expression before which it is placed is to Is* 
integrated ; as, f 2 xrfx=x*; that is, the integral of 2 xdx is x*. This sign is merely a modified 
form of S, which is itself the abbreviation of the Latin word tunvna , sum, the integral being tho 
sum of the differentials. It is repeated to indicate tliat the operation of integration is to be 
performed twice, or three, or more times, as //, / //, Ac. For a number of times greater than 
three, an index is commonly written at the right hand above; as, /*, xt/x" ; tliat is, tho mth 
integral, or the result of m integrations of x</x m . The variable, with respect to which tho 
integral is taken, is sometimes Indicated by writing tho letter designating it at the right hand 
below ; os, f, <p ; that is, the integral of ^ with respect to x. 

t denotes that the integral is to be taken between the value h of tho variable and its value a. 
j* denotes tliat the integral ends at the value a of the variable, and /» that it begins at the value 
b. These form* must not lie confounded with the similar one indicating repeated integration, or 
with that indicating tho integral with respect to a particular variable. 

2 Sum ; algebraic sum ; — commonly used to indicate tho sum or summation of finite differences, 
and in marly the same manner as the symbol /. 

Residual. 

( 3C ) A symbol used in abbreviations of qualities whoso terms have tho same numerical co- 
efficients a* a corresponding expression formed by involution ; ns (a, A, c, d x, y)*, which denotes 
the quantic ax*+ 3 bx*y + 3cxy* +t/y*, the numerical co-efficients of which ore tho same a* those 
obtained by expanding (x + y)*. 

( Y ) A symbol for a qnantic which has no numerical coefficients ; as, (a, A, c, d 3C - r > S’)** 
which denotes the qunntic ax* +6x*y + cxy* + dy*. 

w Tho number 8*14159265 + ; the ratio of the circumference of a circle to its diameter, of a 
semicircle to its radius, ami of the area of a circle to the square of its radius. In a circle whoso 
radius is unity, it is equal to tho semi-circumference, and hence is used to designate an arc 
of 18(F. In a circle whose diameter is unity, it is equal to the circumference, or an are of 360 D . 

9 The ratio of the circumference of a circle to the diameter ; — the same as ir ; a graphic modi- 
fication of the letter C, for circumference. 

jj The base of the hyperbolio system of logarithms ; tho same as « ; a graphic modification of 
the letter B, for base. 

M The modulus of a system of logarithms; — used especially for the modulus of the common 
system of logarithms, the base of which is 10. In this system it is equal to 0*4342344819+. 

g The force of gravity. Its value for any latitude is expressed by the formula g — 32*17076 
(1-0 00259 <Mis. 2 A), m which A is the latitude given, and 32*17070 (tliat is, 32*17070 feet 
per second) the value of »/ at the latitude of 45 3 . 

0 Degrees; as 60 3 ; tliat is, sixty degrees. 

* Minutes of arc; as, 30'; that is. thirty minutes. 

” Seconds of arc ; ns, 20" ; tliat is, twenty seconds. 

R° Radius of a circle in degrees of arc, equal to 57° *29578. 

K' Radius in minutes of arc, equal to 3437'* 7408. 

R” Radius in seconds of arc, equal to 200264"* 8. 

\ ", Ac. Accents used to mark quantities of the same kind which are to be distinguished; as, 
a\ a", a"’, Ac., which arc usually wad a prime, a second, a third, Ac. ; a b‘ c" + a' 6" c + a" 6 c*. 

When the number of the accents would be greater than three, the corresponding Roman 
numeral* are used instead of them ; as, a', a", a"', a 1 *, a r , a Ti , Ac. The accents are often written 
below al*o; as, a , a„, a tll , a««, a„ Ac. Figures, and also letters, are sometimes used for the same 
purpose ; as, «*. n", a*, do, a v a„ <» w . o,, and the like. 

Indices or small figures are also often used to indicate the repetition of an operation ; as, d*x, 
d*x y d*x, Ac., indicating that the operation of differentiation has been performed upon x two, three, 
four, Ac., times. 

sin. x. The sine of x; that is, of tho arc represented by r. In tho some manner cos. x, tan. x, 
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cot. t , aec. x y coeec. x, vcrain. x, and eo-vers. x, denote respectively the cosine, tangent, cotangent, 
(secant, cosecant, versed sine, and co-versed sine of the arc represented by x. 

sin. - *x. Tho arc whose Bine is x. In the same manner cos. -1 x, tan.~'x, cot.-'x, see.— 'x, 
oosec.-'x, versiu.-'x, and co-ve».~‘x, are used to denote! respectively the arc whose cosine, tangent, 
cotangent, secant, cosecant, versed sine, or co-versed sine is x. 

This sign must not bo confounded with the negative index designating the reciprocal of a 
quantity, which would be applied to a parenthesis inclosing one of these expressions ; as, (sin. x) — *, 

which is equivalent to - * — • 
sin. x 

Oliver Byrne, the inventor of the art and science of Dual Arithmetic, in developing which he 
employs in his works two new signs, an arrow (1) and a comma (,); these signs (|, f *) do not 
interfere with those we have previously enumerated, ns dual arithmetic essentially differs from arts 
previously known. Besides, those who examine dual arithmetic in all its bearing* will find that 
a branch of greater importance has not been contributed to mathematical science ; hence, how these 
new signs are applied inay interest many. 

[ 6, 5, 3, 7, 9, 2, 3, 3, is a dual number of the ascending branch, composed of eight consecutive 
digits ; 

2 f '0 ’6 7 ’4 *3 '8 '1 ’2 is a dual number of the descending branch, composed of the same num- 
ber of dual digits ; for the 2, to the left of the arrow, which in this case points up, is a coefficient; 

| (I, 5, 3, 8. 0, 7 *6 ’tj is a mixed dual number, the first four digits being of the ascending 
branch, and the last three of the descending. 2 j *1 4, ’2 2’ 2, *8 ’4 ’5 is a dual number in the 
lowest terms, because the first digit does not exceed 3, and none of the other digits exceeds 5 ; all 
natural or common DWttbilt may be readily reduced to dual numbers of tho last form. 

The natural number 1*869 = | 6, 5, 3, 7, 9, 2, 3, 3,; 1 '869 = 2 | ’0 ’6 7 ’4 ’3 ’8 ’1 *2; 
=■ | 6, 5, 3, 8, 0, 7 '6 ’6; = 2 | ’1 4, *2 *2 2, *3 ’4 ’5; and = a vast number of other dual numbers. 
The dual logarithm of a is written (a), the dual logarithm of 2 or J, (2) = 69314718. which 
is a whole mimlier. 

J., (1*869) = 62540354, and each dual number which represents 1*869 may l*e instantly reduced 
to the same dual logarithm, namely, 62540354. These observations applv (o all number* generally. 
Without the use of tables, in a variety of ways, and under different circumstances, Byrne in his 
works lias shown by easy, independent, and direct processes, how any two of tho three corresponding 
numbers (Natural numb eh); (Dual n cm deb); (Dual Logarithm); 

may lie found, tho remaining one being given. 

ALLOYS. Fl, AUiages ; Gkr., I^girungen ; Ital., Legke; Span., AUaeion. 

Alloys, Metallic ; employe i/ in the vu-chanical amt useful arts. 

Every metallic alloy, as regards utility, may be considered a new species of metal, because the 
qualities of the constituents are in moat eases not recognized again in the compound ; the compound 
in such cases shows properties which do not belong to the simple metals and which cannot lie 
determined by theoretical speculations. By chnnging the proportions of tin to copper, we obtain 
bronze of different qualities, varying extremely in colour, hardness, and sound. A few percent, of 
tin causes copper to bo hard and more tenacious. The addition of n little lead causes brass to bo 
more ductile, while a large addition makes it brittle. We shall not here enter fully into the peculi- 
arities of alloys, as these peculiarities are given in our articles on particular metals employed in tho 
mechanical and useful arts. Metallic element* do not at first sight appear to combine in certain 
ratios and form definite compounds ; still it cannot lie denied that some metals do ; and we are 
justified, by the general law of affinity, in assuming that all metals combine chemically. We 
succeed always in melting various metals together, but we do not very often succeed in separating 
the excess of any one or more metals in the alloy, or the refractory nature of another. As a 
general rule, we may state that all the metals which form alkalies have a particular tendency to 
unite with those which form acids. Potassium combines readily with antimony and arscni<\ more so 
than other metals. In considering the nature of protoxides in their chemical relations, we may suc- 
cessfully form a series in which the ability of metal* to combine is represented. 

This accounts for the peculiarities of the alloys of selenium, arsenic, antimony, and tellurium : 
which resemble very much the combinations of metal and sulphur, or phosphorus, or chlorine. All 
these sultttanri* form acid* in their most simple combination with oxygen. Alloys and compounds 
of this kind are peculiarly inclined to lie brittle and fusible. When two metals are near in the 
scries of affinities for oxygen, they do not combine very readily ; and they may often be se|mrated 
by crystallization only, when their degree of fusibility is sufficiently distinct. This happens when 
both metals alworb the same, or nearly the same, quantity of oxygen in forming oxide. All 
chemical combinations liberate heat ; silver and platinum, when meited together, produce a high 
temperature ; so do zinc and copper. Ifl most eases, we obtain a mere mechanical mixture of 
metals in an alloy ; this is always charaeterizt*l by forming distinct crystals with one metal, 
between which the other is visible. When an alloy is formed which contains equivalents, no such 
disconnected crystals are observed. An irregularly composed alloy is a mere mechanical mixture, 
like wax and fat. and never forms a uniform body of metal ; it is of either-a granulated or crystal- 
lized texture, the latter of which is not compact. Between the crystals of such nn alloy, one of the 
metals is always found in a nearly pure condition. The alloy of iron and silver, in which the silver 
is mechanically enclosed between the crystals of iron, is nn instance of these compounds. 

I^ad and tin combine in certain proportions, and whatever excess there may be of either metal, 
it is enclosed between the crystal* of the alloy. The same is the ease with zinc and tin, bismuth and 
tin— and. in fact, with all other metal*. The number of definite eoinjiotind* appear* to bo very 
large, and in all cases a metal is never obtained pure whenever another is present. In cooling a 
melted alloy, that composition which is most refractory crystallizes find ; and that which is most 
fluid is compelled to oocupy the spaces between the crystals of the most refractory. Thus, copper 
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and tin arc very fusible ; but in cooling, copper-tin crystallizes first, and tin-copper last— which 
hitter occupies the spaces between the first. Iron and arsenic are very fusible, but in cooling, 
iron-arsenic crystallizes first, and arsenic-iron last ; the surface of the cooled mass shows a perfect 
network of bright lines, in regular forms. In all these compounds the first crystallized metal, or 
alloy, contains some of the latter, and the latter some of the first. 

When a bar of cold lead is held in mercury, the first alwwrbs some of the latter throughout 
its body; the pore* of the lead are filled with mercury — but the mercury in this ease contains lead, 
as well as the lead mercury. When iron is gently heat«d imlsddtd in carbon, as is the case in 
making blistered steel, the carlton penetrates the very heart of the iron-rods; hut no iron is 
imparted to the carbon, because its particles are not movable. By these and similar means the 
pores of a refractory, solid metal, may r>e tilled with another metal, pro%*ided the atoms of the lathr 
are movable. I^oud does not readily combine with iron, but if we heat wrought-iron turnings in 
mclfcd lead, the solid iron will absorb bod. Gray cast-iron will not absorb lead, liecaose its pores 
are filled with carl>on. Borings of cast-iron absorb arsenic readily, when imbedded in arsenious 
acid and boated ; but wrought-iron does not absorb arsenic by these means until carbon is brought 
into contact with these substances. In properly applying these rules, we may form alloys of the 
most heterogeneous metals, and in regular proportions. 

It is extremely difficult to form a definite compound of zinc and copper, or tin and copper : but 
if we take cither the oxides of all these metals, or the oxide of any one, ami the metal in small 
particles, and imbed the whole in carbon — heating it so as not to melt it, although bringing it 
near its melting point— and then apply the heat gradually and slowly, we are enabled to form 
definite compounds, which may be melted by a heat which does not evaporate either the one or the 
other metal. We shall point out the formation of alloys by metals in other articles, but we wish 
to draw the attention to these facts, because it is often very difficult to form an alloy of n definite 
composition. Yet as these alloys are tho most valuable, wo refer to the above mode of forming 
them. 

FmibUity of Alloy*. — Alloy 8 are more fusible than the mean temperature at which the metals 
melt singly would indicate. This is a very important law in our investigations, and affords, when 
properly applied, the most valuable results. When tin melts at 500°, and pure eopj»t*r at 2500% 

2500 -f 500 

equal parts of copper and tin do not melt at ^ = 1500°, hut at a lower heat. Platinum, 


and also chromium, are infusible in our furnaces, but may be made very fusible by the addition of 
arsenic. Pure iron is extremely refractory, but when combined with arseuie and phosphorus, it 
may be melted in a cast-iron pot, without adhering to it. Thus, when an alloy of two metals is 
fusible at a lower heat tlian the mean of the two, a composition of three metals is still more fusible 
than their various degrees of melting indicate: and by multiplying the number of component 
parts, a low degree of fusibilitv of any metal may be obtained. If the composition is according to 
the laws of chemical affinity, the melting point is lowest. In all cases of practice we must reflect 
on the application of the metal before we form an alloy, the object of which is to facilitate the 
smelting operation. If phosphorus causes iron to be very fusible, ami coal, fiux. and labour, may Is' 
saved in smelting bog ores which contain phosphorus, the first inquiry must be whether tho cold- 
short iron thus ohtnimd is of nny value. 

Arsenic and zinc cause lead and silver ores to be easily melted, but the loss in silver by this 
operation is so great ns to make it desirable to remove these volatile metals before any smelting 
is entered upon. We may fiux copper by arsenic, but not by lead, because we can remove the 
first in refining, but not the latter sufficiently to form a good quality of copper for sheets. 
Arsenic, lead, or zinc may be in iron which is destined for wrought-iron. for these metals are 
easily removed in tho refining process. It is always more safe in smelting gold ores to have 
lead, copper, or silver present, and if possible all of them; for gold is very volatile and extremely 
divisible, hence much of it may be lost when no other metals which net by their quantity are 
present. I^eod fuses at 600% tin at 500°, and bismuth at 400"; but a composition of the three 
may Is* made which molts at 212°, a loot far below the most fusible of the ingndienta. This shows 
how great the advantages are which may be obtained by forming alloys in the smelting furnaces. 
It is the degree of fusibility of the slags and that of the metals which determines the expenses of 
smelting. The number of alloys is infinite. We cannot establish tables of fusibility <i prion ; 
these must l»e determined by practice. In all smelting operations it is noooniiy to find the most 
profitable conditions by experiment. 

If an alloy is more fusible tlian n single metal, it follows that, when one or the other con- 
stituent is removed, the fusibiltv of the metal is impaired. An alloy of lead nnu arsenic is more 
fusible than pure lead ; but when the alloy is exposed to bent for a long time, arsenic will evapo- 
rate ; and as it was the cause of fluidity, the lead will not be no fusible after losing its flux. Iron 
is made fusible by the presence of carhon or other substances, but when these are removed it is 
very refractory, and can lumlly lie melted. Upon this principle the formation of wrought-iron is 
founded ; and in applying it to other metal* there is no doubt but similar results are obtained. 
Tin is refined by oxidizing or evaporating sulphur, arsenic, and other matter ; this causes the tin 
to be less fusible, but more tenacious. When zinc is melted in an iron pot. and exposed to tho 
air, it forms dross on its surface, like other metals ; its fluidity is consequently diminished, hut its 
malleability is improved. A layer of carbon, or. what is stiil better, a layer of common salt, or 
bone ashes, prevents such phenomena with zinc and similar metals. 

Specific U rarity . — When metols are melted together and form an alloy, there is produced a 
remarkable change in their specific gravity ; which is sometimes greater and at o%cr times leas 
than the mean. A condensation of volume is manifested in melting together zinc and gold ; the 
specific, gravity of the compound is greater than the mean of the constituents ; gold also and silver 
condense, or gold with lean or bisinnth : silver combined with copper, lead, tin, bismuth, and zinc 
or antimony shrinks; also copper with tin, zinc, or antimony; lead with zinc, bismuth, or antimony; 
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mercury with tin or lead, bismuth or antimony. An expansion bikes place when gold is melted 
with copper, iron, or tin ; also platinum with copper ; iron with antimony, bismuth, or tin ; also 
copper and lead : tin and zinc, lead or antimony ; zinc and antimony, and mercury with bismuth. 
In consequence of this contraction or expansion wo are justified in assuming a similar change in 
the aggregate form. 

The hardness of alloys is generally greater than may be inferred from the nature of the consti- 
tuents : still there are exceptions to this rule. Silver or arsenic renders iron hard ; hut these metals 
arc soft by themselves : copper and tin. two very soft metals, may be made extremely hard by 
melting them together in certain proportions. Hard zinc and oopper make soft bra**, and a com- 
pound of lead and iron is extremely soft. Antimony causes all metals to become hard ; iron, with 
a little antimony, cuts gloss very readily, but is very brittle. 

The ductility of alloys is in some cases greater than the elements indicate ; that of lead and 
zinc is very tenacious. In most instances the alloy is more brittle than the original metals. Lead 
a n< l antimony is very brittle. Two or more brittle metals molted together are always brittle. A 
eoiupmnd of bad and gold is very brittle. There is no precise limit at which we know when 
brittle or mulleablo alloys are formed ; it is neceswnry to find this by practice ; but there are strong 
indications that the alloy of an equivalent composition is always harder than a mere mechanical 
mixture of metals. Any alloy, when slowly heated and gradually cooled. — ann<>alcd — is softer 
than a compound which is suddenly chilled. In annealing, the various elements which are in 
combination endeavour to separate. Heat here, as everywhere, weakens affinity. This causes a 
finely crystallized, or a granulated fracture : the component particles endeavour to assume a round 
form. When a hot alloy is suddenly chilled, tho particles of which it is composed contract 
suddenly, and form a close, compact bodv ; at least the ultimate crystals Are condensed into tho 
smallest space, which causes them to be hard. This is most strikingly exemplified in some 
kinds of ihm. 

Any kind of iron in market may bo considered an alloy ; there is no snch thing as pure iron. 
Some wrought-iron contains much foreign matter, and still is soft as lead, ami fibrous. If such iron 
is heated to a certain degree, that is, beyond the dome at which it has been manufactured, it 
become* cast-iron, is brittle, and when suddenly chilled becomes hard, similar to steel. Such 
iron may t>e annealed and softened like steel, or any other alloy. The hardness of an alloy 
is therefore less dependent upon its composition than upon the arrangement and form of tho 
ultimate particles. 

Oxidation . — Alloys oxidize more rapidly than single metals ; to this rule there are, however, 
remarkable exceptions. Hardened or crystallized metal oxidizes more rapidly than tcrapeml or 
annealed metal, which is most strikingly exemplified in iron and steel. It appears that metals 
expand on being suddenly chilled. The spaces thus form'd between the crystals are fissures into 
which oxygen may penetrate with facility; and as the crystallized form of the (Articles affords 
much surface for combination, an oxidation is readily efl‘cct«d. An alloy of antimony and iron, two 
metals which arc remarkable for crystallization, oxidizes very readily ; such an alloy may ba 
ignited by mere filing, particularly when it is a little heat'd previously to that operation. 
Chrome and lead act in a similar manner. Antimony and potassium hum *|>ontaneoti&)y, and if a 
little warm, with explosion. An alloy of tin and lend — soft solder — bums with a vividness 
equal to carbon, and if some zinc is present only a low heat is required to ignite the mixture. 

An amalgam of potassium and mercury is so sensitive to oxygen tliat the mercury is oxidized to a 
high degree. In many cases, and under peculiar arrangements, the oxidation is earned to the highest 
degree : w© have seen that in roasting sulphurcts, phosphurets, and other compounds, tho metal is 
nlwnys oxidized to tho highest degree. The same cause acts in both cases. When two or moro 
metals are melted together, there is a perfect penetration of the one by the other. In heating the 
mass, the tendency to separation is augmented, and as tho ultimate (Articles of one metal cannot 
congregate ami form largo (Articles, they arc exposed to the action of oxygen in their minutest 
form, and consequently will combine with tho largest quantity of oxygen. If one kind of metal 
is more oxidizablc than the other, or if the mass is porous, the oxidation goes on, not only faster, 
but must proceed to the highest degree, because the atoms of metal may In? attacked by oxygen 
on all sides. While some alloys are easily oxidized, others resist that influence more than puro 
metals. 

Pure iron is very easily oxidized, and often throughout, when in heavy masses. It has been 
found that a lot of bloom four inches thick, of puddled iron, was oxidized in a reheating furnace by 
giving merely rawing beat to such a degree, that when drawn out between rollers into bars, 
these were fouiVWta converted partly into magnetic and portly into protoxide of iron. This iron 
was puddled under the influence of a cinder highly charged with chlorides. Metals are porous, 
and easily penetrated by other matter. Thus, water enters successfully into the body of cast or 
wrought iron ; and if a metal is present, or any other sulwitanco which decomposes water, the iron 
is easily oxidized. We find, when carbon is present, tliat oxygen has little effect on iron ; but 
when any of those substances which form adds, such as arsenic, antimony, or sulphur, are 
combined with the metal, it is an easy prey to oxygen. An alloy of chromium and iron resists 
oxygen as well as gold ; and phosphuret of copper is not so easily affected as pure copper. Bronze 
will resist the* influence of oxygen much longer than pure copper. 

It appoint that the degree of nffinitv lias less influence on the oxidation of metals than 
the aggregate form of their (Articles and the strength of their union. Hardened steel oxidizes 
more readily than annealed steel, and chilled cast-iron more so than gray cast-iron. Hammered or 
rolled lead is less penetrable by mercury than cast had. German silver, which is composed 
of oxidizablc metals, is little affected by oxygen, and less so when rolled than when cast. Copper 
has a strong affinity for sulphur, and is more readily attacked by it tlian iron, when finely divided; 
yet, when in a compact body, it will resist that substance far more successfully than iron. Some 
kinds of brass are remarkably liable to oxidation, while others resist it more effectually. A 
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surface of metal, which is highly polished, and particularly when polished by rubbing it with a 
hard substance, is far less subject to oxidation than a rough surface. If it is desirable to resist 
oxidation, or in fact the influence of any other nutter upon metal, those alloys must be formed 
which have naturally little affinity for that particular substance, and which, in the mean time, 
form the most intimate union, so that the penetration of foreign matter into the body of the metal 
is prevented. It is not the compactness of zinc or lead which prevents their oxi«iation in the 
atmosphere : it is the cover of oxide, which forms a close body, and prevents the further 
penetration of oxygen. We may assert that the density of gold and silver lus as much influence in 
preventing their oxidation as their want of affinity for oxygen. Affinity between the metals of an 
alloy has, in consequence of an intimate union, a large share in preventing oxidation. 

Iron is easily oxidized, but it is leas subject to that influence when combined with phos- 
phorus than when alloyed with silver or gold, particularly the former ; this is chiefly because 
silver has but little affinity for it, and is thus excluded from its crystals, and forms n layer 
between them. There is a separation ; oxygen finds access, and a rapid action of it is the 
consequence. Carbon protects iron successfully, not in consequence of its greater or leas affinity 
for oxygen or iron, but chiefly on account of its form. Carbon is elastic, and will till the 
spaces between the particles of metal. When gray or white cast-iron contains five or six per 
cent, of carbon, the latter will form a body, when liberated, which cannot be condensed into 
the same space again by any mechanical means; and even in the form graphite- it occupies 
nearly the space of the iron. Still, cast-iron is porous. All xu I (stances foreign to iron, which are 
contained in the finest kind of cast steel, cannot, when liberated, be condensed into the same space 
which they occupied in the steel ; and such steel, when glass hard, is very porous ; there is not even 
cohesion between its particles ; it is brittle. 


Component Element* of Metallic Alloy a in General Use. 


Yellow brass. 2 parts copper, 1 zinc. Rolled brass, 32 porta copper, 10 zinc, 1 ’5 tin. 
Brass — casting, common. 20 parts copper, 1*25 zinc, 2*5 tin. 

Hard brass, for casting, 25 parts copper, 2 zinc, 4*5 tin. 

G un-metal, 8 parts copper, I tin. 

Copper flange* for pipes, 9 parts copper, 1 zinc, 0*26 tin. 

Brass that bears soldering well, 2 parts copper, 0*75 zinc. 

Muntz’s metal, which can be rolled and worked at red heat. 0 parts copper, 4 zinc. 
Statuary metal, 91*4 parts copper. 5*53 zinc, 1*7 tin, 1*37 lean. 

German silver, 20 jiartx copper, 15*8 nickel, 12*7 zinc, 1 3 iron. 

Frick’s German silver, 53* 39 parts copper, 17 *4 nickel, 13 zinc. 

Metal for medals. 100 parts copper, 8 zinc. Pinchback, 5 parts copper. 1 zinc. 

Chinese silver, 65*2 jwrts copjier, 19*5 zinc, 13 nickel, 2*5 silver, and 12 cobalt of iron. 


SJT&dfflr l i & } 1 * < w— 

Aick’s metal, on alloy of iron, copper, and zinc, called also sterro metal. 


Babbit's anti-atrition metal, 25 jiarta tin, 2 antimony, 0*5 ooppor. 


Bell-metal for large bells, 3 parts copper, 1 tin ; for small bells, 1 parts copjwr, 1 tin. 
Newton’s fusible alloy, 3 ports bismuth, 5 lead. 3 tin ; melts at 212°. 

Rose’s fusible alloy, 2 ports bismuth. 1 lead, 1 tin; melts at 201°. 

Very fusible alloy, 5 parts bismuth, 3 lead, 2 tin ; melts at 199°. 


Soblers. — Tin solder, coarse, 1 part tin, 3 lead; ordinary tin solder, 2 tin, 1 lead ; melts at 500’ 
and 360° respectively. Soft spelter-solder, for common brass-work, 1 port copper, 1 zinc. Hard 
spelter-solder for iron, 2 parts copper, I zinc. Bolder for steel, 19 parts silver, 3 copper, 1 zinc. 
Holder for fine braso-work, 1 part silver, 8 copper. 8 zinc. Pewterera* soft solder, 2 parts bismuth, 
4 lead, 3 tin. Pewterera’ common solder, 1 jmrt bismuth, 1 lead, 2 tin. Gold solder, 24 part* gold, 
2 silver, 1 copper. Hard silver-solder, 4 parts silver, 1 copper. Soft silver-solder, 2 ports silver, 
1 brass-wire. 

Fusibility of Alloys. 


Part* Tin. Parts Lead. Part* Bismuth. Melts at Parts Tin. Parts Lead. Parts bismuth. Melts at 


2 3 5 l8» 4 5 4 266 

1 1 2 200*75 4 6 4 *270 

3 5 8 202 1 .. 1 * 286 

3 3 8 202 i 45*3 .. 54*6 325 

3 6 8 208 | 3 2 .. 333 

3 8 H 226 I 2 1 .. 360 

2 4 4 243 I 8 .. 1 392 

6 1 5 245 I 1 3 .. 500 

1 1 1 254 I 

Tin melts at 442°. Bismuth at 480°. Lead at 600’. 

Specific Heat of Various Substances. 

Water 1*0000 Glass *1770 8ilver *0557 

Hydrogen .. .. 3*2936 Iron *1098 Tin *0514 

Steam *8470 Copper *0949 Platinum .. .. *0355 

Nitrogen .. .. *2754 Phosphorus ., .. *1880 Mercury .. *0330 

Air *2669 Zinc *0927 Lead *0310 

Oxygen .. *2361 Alcohol *0700 Bismuth .. •» *0290 

Carbonic Acid .. *2210 Ether *0600 Carbon *2570 
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Ductility am/ Malleability of j W*tnh. 


Ductile awl Malleable 
Metals 

In alphabetical order. 

Brittle Mstola 
in olphabeUcal order. 

Metals in order 
of ibeir 

Wire-drawing Ductility. 

Met alt in order 
of tbelr 

Guntnablc IhicUlitJ. 

Cadmium. 

Antimony. 

Gold. 

Gold. 

Copper. 

Arsenic. 

Silver. 

Silver. 

Gold. 

Bismuth, 

Platinum. 

Copper. 

Iron. 

Cerium. 

Iren. 

Tin. 

Iridium. 

Chromium. 

Copper. 

1’Iatinuiu. 

Load. 

Cobalt. 

Zinc. 

Lead. 

Magnesium. 

< olumhiuiu. 

Tin. 

Zinc. 

Mercury. 

Iridium. 

Lead. 

Iron. 

Nickel. 

Manganese. 

Nickel. 

Niekel. 

< Istiiiuin. 

Molybdenum. 

Palladium. 

Palladium. 

1 ’ill Indium. 

Osmium. 

Cadmium. 

Cadmium. 

Platinum. 

Rhodium. 



1’otasaium. 

Tellurium. 



Silver. 

Titanium, 



Sodium. 

Tungsten. 



Tin. 

Uranium. 



Zino. 





Iforii 4Aa< treat of Metallic AUoyt : — Herve (A.), ‘ Nouveau Manuel complet dw A Hinges 
Metalliques,’ 18tno, Paris, 1888. ‘The Useful Metals ami their Alloys,’ l>y Seoffern, Tmnui, Ac., 
cruwu 8vo, 1856. Calvert (C.) ami Johnson (R.), ‘On the Relative Powers of Metals and Alloys 
to Conduct lleat,’ Philosophical Transaction*. London, 1858. Calvert (C.), ‘On the Specific 
Gravities of Alloys,’ Philosophical Magazine, Ix»ndon, 1859. Percy’s (Hr.) ‘ Metallurgy,* 2 vols., 
8 vo, 1861-04. Ziurek (O. A.), ‘Teelmolngisrhe Talwllen und Notizen,’ 8vo, Braunschweig, 1863. 
Guettier (A.), ‘ Guide pratique des Ailing*- Metalliques,’ foap. 8vo, Paris, 1865. Ovenuan (FA 
‘A Treatise on Metallurgy,’ royal 8vo, New York, 1866. Larkin (J.), ‘The Practical 1 truss and 
Iron Founders’ Guide,’ crown 8vo, Philadelphia, 1867. Graham (W.), ‘The llrassfoundera* 
Manual,’ I2mo, 186*8. 

ALLUVIAL DEPOSITS. Fb., Dtfbris d * altar ion ; Gejl, Anschiranmungen ; Ital., Strati 
(Tallucivne ; Span., Dcpdtilos de at at ion. 

Alluvial deposits arc those dei*wits of eartli, sand, gravel, nnd other transported matter, made 
hv rivers, Hoods, and other causes upon land, not permanently submerged beneath the waters of 
lakes or sea*. 

ALUMINUM. Fn., Aluminium ; Gek., Aluminium; Ital., Atuminio; SPAN., Alnminio, 

Aluminum is the vutallic base of alumina. This metal is white, but with a bluish tinge, and is 
remarkable for its resistance to oxidation, nnd for its lightness, having a specific gravity of only 
about 2*6. The electrical indifference of this metal is most striking, und its effects upon other 
metals have been extensively investigated. Aluminum is pnduced from alumina by a iierulinr 
smelting process. When pure alumina, the oxide of this. metal, is mixed with finely pulverized 
<nrbon, nnd exposed in li j*orcelnin tube to a ml heat, and, in the same time, chlorine is conducted over 
it, a dry chloriuc of aluminum is formed, nccom|mniid by a vivid combustion. When tin’s substance is 
placed in n porcelain crucible, ujmn w hose bottom some pieces of pure potassium are deposits!, and 
the crucible is well covered nnd In ted, and then gently heated over a snirit-lamn, a reduction of 
tin* alumina is Performed by the |Kitnssiuin, with the production of a high heat at the moment when 
these two metals decompose each other. Here is a reduction of one metal by the other, os we linvo 
seen it porfonmd in reducing sulphurets. 

This operation is, therefore, not confined to sulphur, oxygen, phosphorus, and similar Hiilurtanees ; 
it applies to all metals and their combinations, and it requires nothing but a proper selection of tho 
decomposing substance, nnd the conditions under which it may Is* |>erfnnncd. The aluminum thus 
obtained is similar hi the alkaline metals ; it is very refractory, and does not melt at tho heat of 
melted cast-iron ; it is hard, tenacious, and not oxidized at common temperature*, but requires a 
high red-heat for oxidation. This metal hns lieen observed, alloyed with iron, in Indian steel, and 
it lias been said that the excellent qualities of tlrnt steel an 1 owing to its presence. Experiments 
which have been mode with this view have shown that iron combined with aluminum is remark- 
ably strong. In endeavouring to combine aluminum with other metal, we are in the same predica- 
ment ns with the alkaline metals ; silex is reduced before nlumiun is affected by carbon ; and if any 
advantages are to be derived from an alloy of this kind, silex ought not to be present at its forma- 
tion. The process used at the Talyndre Works for the manufacture of alumina hns been described 
in the firvue UnirrrseUe. 

At tho Talyndre Works they are working a very valuable ore, famishing pure alumina by two 
very simple oiieratious, which now renders tho preparations of aluminum an actual metallurgical 
operation in tno Ollionelloa, near Toulon. Its average composition is — alumina, 60 per cent. ; oxide 
of iron, 25 ; silica, 8, ami water 12 per cent. = 100. After being pulverized under an <dge-runner, it 
is mixed with soda, nnd heated in a reverberatory furnace. The mass, although not even aggluti- 
nating, becomes changed into an nlumiuate of soda, nnd a double silicate of ends and alumina is 
nhtnimd. mixed with oxide of iron, silica, nnd a little of the alumina which 1ms not reacted. The alu- 
minate of soda is dissolved nut with water (the impurities remaining undisaolved), and thrown in fine 
streams through a current of carbonic acid, by which means aliuuiua is thrown down, and car ) m mate 
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of Hoda remains. Tho precipitated alumina is separated by decantation, and washed with warm 
water to remove the last traces of soda. In practice no soda is lost, except a small portion converted 
into silicates, the remainder being recovered by evaporation. The alumina is completely dried, and 
is ready for final treatment. The manufacture of the sodium has been but little mndifhxl. The 
final reaction which yields the aluminum is effected in a reverberatory furnace. To the double 
chloride of aluminum and sodium is added about 5 per cent, of sodium ; and lastly, cryolite as a 
flux. By this means the metallic aluminum is economically and speedily produced. 

To prfjxire the Chloride of A/aminum, — A mixture is made of alumina and charcoal, and the 
whole made into paste with some oil, so that it may be shaped into small lozenges. This mix- 
ture is placed in a well-made fire-clay retort, 

Fig. Ill ; as soon as the retort is brought to a 
dark red heat, a current of dry chlorine gas is 
passed into the retort, whereby at first water is 
expelled from tbe apparatus, and soon after 
vapours of chloride of aluminum are produced 
in abundance. The vapours of the chloride of 
aluminum are collected in the bell-jar F, which 
is so narrow that it soon gets sufficiently hot to 
cause the fusion of the chloride of aluminum, 
which ia hence obtained in a concrete mass. 

Tho bell-jar, used as a condenser, is fixed to 
the neck of the retort A by means of a funnel E, 
luted on with fire-clay mixed with chopped 
cow-hair : the tube at the other end of the con- 
denser serves to carry off the carbonic oxide 
gas, which must be ignited after the air has 
been entirely expelled from tho apparatus. In order to prevent the neck of the retort A from 
chocking up, it should not project out of the furnace more than five or six inches. With the apparatus 
just described, 12 lbs. of chloride of aluminum may Is; pro|mred daily. The aluminum is obtained 
from the salt known as ammonia alum, a double salt of alumina and ammonia as liases, both com- 
bined with sulphuric acid ; it so happens that, at higher temperatures, both the ammonia and 
sulphuric acid are volatile, and hence alumina is left in a state nearly pure, if the salt previously 
UM be pure. 

ALUMINUM BRONZE. Fn., Aluminium bronze; Geb., Aluminium bronze; Ital., Ilronzo 
d'allumimo ; Span., Bronco de aluminio. 

Aluminum bronze is an alloy of copper and aluminum mixed in different proportions. This 
alloy lias a golden hue, and is extensively used in the manufacture of cheap jewellery. Oue hun- 
dred parts copper and ten parts aluminum, measured by weighing, when combined forms a very 
durable alloy, which may be forged and worked in the same manner as copper. This alloy, of 
100 c. to 10 al., takes a fine polish by being burnished, and is the seine colour as pale gold ; 100 c. 
and 5 al. forms an alloy, wnich takes a fine polish by burnishing r it resemble* pure gold in 
colour, but is less durable than the former alloy of 100 c. and 10 al. Farmer’s Aluminum Bronze 
is a mixture in which the copper may vary from 65 to 80 per cent, of the whole, and the zinc, or 
other light-coloured metals, from 35 to 20 per cent, of the whole ; the aluminum being from ^ths 
to ,’^tiui of the whole quantity of the light-coloured metals used. 

AMALGAM. Fn., Amalgame ; Geb., Amalgam ; Ital., Amalgcmut ; Span., Amalgama, 

An amalgam is a compound of mercury with some other metal, or a native compound of 
mercury and silver. See Amalgamating Machine. Gold and Silver. 

Amalgamating Machine, in silver mining. 

AMALGAMATING MACHINE. Fn., Machine a amalgamer ; Geb., Amalgamir Matckine ; 
Ital., Macehina per amalgamore ; Span., HomiUo jnra coccr amalgama*. 

Varney's amalgamating pan is shown in Figs. 112, 113, 114, 115, 116, 117, 118, 119, 120. 
Fig. 112 is a vertical section of this amalgamator; Fig. 113, a plan of tho parts beneath pan; 
Fig. 114, elevation of the amalgamator complete; Fig. 115, view of interior of amalgamator; 
Fig. 116, view of one-half tho lower dies witli wood in slots ; Fig. 117, view of under-side nf one- 
half of muller with shoes attached ; Figs. 118 and 119 stand for gear on vertical shaft ; and Fig. 



120jpi llow-block for the driving-shaft. 

The body of the amalgamator consists of a pan or tub A, Figs. 112 and 114, with cover B, 
through which is ad opening for the introduction of the pulp to bo ground and amalgamated. The 
pan is supported on suitable framework, shown in Fig. 113. Freni the centre of the pan, and 
extending from its bottom, to which it is enst, some distance above the cover stands the vortical 


tube I), through the interior of which is a hole passing vertically through the pan, in order that the 
shaft C may work through it. On the bottom of the pan, and secured to it by lsilts *, is fixed the 
lower muller a, consisting of a circular iron-plate having a round hole d in its centre, considerably 
larger than the base of the tube I). This die may, if desired, be made in sections. 

That portion of the hole through the muller not occupied by tbe tube I), is so filled with wood, 
as to present a plain surface from tho tube to the circumference of the muller. The diameter of 
this muller is somewhat leas than that of the Interior of the pun, by which means a space <»' is left 
to be filled with quicksilver. Above the lower muller is the upper one 6, of like general form and 
size, having twelve shoe* c, the form and relative positions of which will Is? understood by 
supposing a plate of the diameter and thickness of the lower muller attached to the under-side of 
tho upper one, and sawn into twelve equal |iarts on lines drawn from the circumference of tho 
plate to the outside of the tube D. The saw must also be supposed to lx; held inclined at an angle 
of about forty-five degrees, thus forming radial grooves from the inner to the outer opening. 

Each shoe is fastened to the muller by a bolt, or u wrought-iron rivet, cast into the shoe and 
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riveted into a counter-sink on the upper side of the muller, a* shown at /A Fig. 112 ; the homes and 
recesses j, keep the die in its place. In the lower muller are radial slots, similar to those in the 
upper one. These slots may be either inclined laterally or he made! vertical. The slots in 
the lower muller are filled with wood, so as to grind on its end, in order that it may be kept 
slightly worn, in advance of the wear of the die; thus furnishing a cavity ror the admission of pulp 
between the surfaces, by which the grinding capacity of the machine is greatly increased. 



Over and around the tube L), but not in contact with it, is placed the larger tul>e E, exactly 
perpendicular to the lower face of the up|>er muller, and having around its lower extremity 
the flange V, upon which rests the ring h, which is cast with, and forma a ]»rt of, the upper 
nmller. This is connect'd with the muller bv nutans of six curved arms », two pairs of which 
are much miirer together than the others, and the sjiaco between them is flll«l by a projection 
fmm the periphery of the flange V, for the purpose of carrying with it the upper muller when the 
flange make* a revolution. To the shaft C is fastened the large tube E by the feather k, and set- 
screws I in the hub (J. The sliaft 0 passes through a Hnbbet metal bearing at m, and through the 
boss F of the driving-wheel, in which is a feather sliding vertically in the shaft. The sliaft is 
stopped, by the ordinary method, into the vertical sliding-box H, which iB itself held in the laterally 
adjustable box O. 
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The step-ltox rests upon tin iron bar, one end of which is supported bjr a screw bolt *r, Fig. 115, 
and the other is held by a bolt and hand-wheel x, Figs. 114 and 115, by which it can be either 
raised or lowered ; raising or lowering the upper muller at the samo time. 




Within the body of the pan arc suspended three curved plates r. Figs. 112 and 115, extending 
from near tho surface of the tipper muller upwards, and stretching in length from the inner side 
of the pan around to a point near the outside of the large boss, opposite that from which they 
started. 

The lower edges of the curved plates are bent inwards, as shown at *, Fig. 115, forming flanges. 
The inner ends of the curved plates are secured rigidly to the ring 7 , of sufficient diameter to 
surround and clear the tube K ; the whole being suspended by a rod attached to each plate, passing 
through tho cover and hand- wheels J, by which it may be adjusted. The outer ends of the curved 


Digitized by Google 


54 


AMALGAMATION PAN. 


plates slide vertically in grooves in tho projections t. cast upon the inner side of the pan. The 
o lie rat ion of thin apparatus is os follows: — The space a ' about the periphery of the lower tnullcr is 
filled with quicksilver, and the pau nearly filled with pulp, of the proper consistency to flow easily ; 
the shaft C is now made to revolve at aiiroper speed, from sixty to eighty revolutions per minute, 
by which the unper luuller is rotated. The pulp between tho mullera, by means of the centrifugal 
force developed, is made to pass out through tho radial channels between tho dies, as well as 
between the grinding surfaces of the upper and lower mullera ; also into and over tho quicksilver, 
thereby causing amalgamation. 



The outward motion of the pulp has the effect of keeping the quicksilver entirely away from 
the grinding surface, thereby obviating what has often proved a very serious difficult v, the grinding 
of the mercury. 

The rotation of the upper inuller causes the pulp in tho nan to revolve with it. This current 
is met by the cuneiform projections and curved plates, and thereby turned towards tho central 
opening in the upper inuller. The radial slots between the shoes, running from tho central opening 
to the outward one, allow currents of considerable size to pass with great velocity ; and the pump 
filling these slots, being continually thrown outwardly, tends to produce a vacuum. By this the 
pulp in the body of tho pan is set in motion, causing a rapid ami abundant flow downwards at the 
centre, and upwards along the inner surface of the pan. The pulp is thus made to circulate, until 
complete pulverization of the quartz and amalgamation of the metals have taken place. 

jU/ermce. — A, pan or tub; B, cover; C, vertical shaft; I), central tube; E, extorior tubes; 
F, linns of driving-wheel ; O, hub of outer tube; H, sliding Inuring; J, hand-wheels ; O, adjust- 
able box ; V, flange of outer tube ; a, lower mullor; a', s{iace for mercury; 6, upper tnuller; <\ shoes 
of muller; </, hole in centre of lower inuller; e, bolts securing lower inuller; /. bolts securing 
shoo to upper muller; A, ring on upper muller: i, curved arm% of muller; A, sliding key; 
j% lugs to keep shoes in place ; /, set-screws; m, Babbit's metal liearing; 7, rings supporting curved 
plates ; r, curved plates ; *. flanges of curved plates ; /, brackets supporting plates ; r, fulcrum of 
lever ; r, hand-wheel for lifting muller. 

AMALGAMATION PAN. F»., Volte a amalgams r ; Geb.. AmaUjatnamir-pfanne ; Ital., 
Macc-hina per amaltjanutrr ; 8l*AS., Homillo para cocer (muilt jamas. 

This pan, shown in Fig. 121, differs from ordinary puns which aro employed for the same purpose, 
especially in tho shape of the bottom. The bottom of this pin is inclined towards tho centre, and 
is shap'd liko the inverted frustum of a cone, to which the shoes are bolted, and the rom‘S|ionding 
dies are fastened to the bottom of this frustum. When the pulp is thrown in and the Mullers set in 
motion, that jiortion of tho pulp which finds its way between tho grinding surfaces is thrown 
towards the circumference, from whence it again descends hi the centre by gravitation, ami ] Misses 
between the mullera. A constant circulation is thus established without tho aid of the curves 
or wings employed in tho Wheeler Pan, which have sometimes been found an impediment in 
starting the machine after the rand had become packed from stopping. Tho charge for this pan is 
about 1-100 lbs., nnd the time required for working it is from two to four hours. Tho time vuriea 
in accordance with the fineness, state of division, and other characteristics of the pulp. When the 
ora has been sufficiently reduced and amalgamated, the pulp is, after dilution, discharged into the 
tepaihtor, nud the amalgamating pan immediately recharged without stooping the machine. After 
the pulp has been run off into tho separator, it is further thinned (town with water to such a 
consistency os will allow tho mercury and amalgam to settle, whilst it still retains sufficient 
plasticity to bold the coarser particles of ora in suspension in water. If tho compound be in a 
proper state of dilution, the mercury and Amalgam will gradually precipitate, nud at the samo 
time no perceptible difference will be felt in the consistency of the pulp situated near tho bottom 
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and that at the top of tho vcmel. When, however, too largo a ])ortion of water has boon added, the 
coarser iwrticlos will bo felt to distinctly separate from the slime, and to strike against the hand 
when placed near the bottom of the 
separator. This pan usually makes 
between fifty and sixty revolutions a 
minute. 

Tho Hepburn and Peterson Pan is 
much employed in the reduction esta- 
blishments of the Pacific Coast, and, in 
addition to being an excellent amalga- 
mator. it is also a good grinder ; but it 
has the disadvantage of requiring tho 
expenditure of from four to flvo horse- 
power for efficient working. The charge 
of tho Wheeler Pan is not only bus 
than that of the Henbum and Peterson 
Pan, but the grinding power of the 
Wheeler Pan is also less considerable. 

8e© Silver. 

AMALGAMATING - PAN. Fn.. 

Machine a amnlqmner ; Ueh., Amalfi- 
mi'r - pfamne ; Ital., App>irccchio jx-r 
amalgamate ; Sr AN., Homiilo ]ktra coa-r 
amalgamas. 

Amalgamator, AttimoeTa. In gold 
mining. 

Attwood’s amalgamator is shown in 
Figs. 122. 123, 124, 125 : it is designed 
to save tho gold as it issues from the 
stamping mill. Fig. 122 is a sectional 
elevation; Fig. 123, plan; Fig. 124, 
lower end of iyera; and Fig. 125, end 
of steam-chest. 

In this arrangement Attwnod does 
not make use of blankets, but the 
ground ore, issuing from the battery- 
screens, flows directly on to tho nmul- 
punstor, where it is gently stirred by tho action of the cylinders A, turning m the direction 
indicated by the arrows, and then jiaasir* on to a riffle-boanl B, covered by amalgamated copper- 
plates, where a great portion of the amalgam, escaping from the east-iron mercury boxes o, will 



Ih> collected. In order that the mercury in the l>oxoa under the rollers may not become too cold, 
and its affinity for gold Ik- thus rendered sluggish, they are cast with a double bottom, through 
which a current of steam can be made to pass, and which is easily regulated by an ordinary tap. 

From the riffles B, the ground material passes into the tye ('.of which the bottom is inclined at 
a considerable angle, and which is provided at the lower end with a slot c, for regtdating the depth 
of water within it. This is done by means of the stops c\ In order to catch any globules of swift 
amalgam or mercury, which may become detached from the surface of tho amalgamated plates, 
a small cistern I), running the whole width of the riffle-boanl, is provided ; in this is an agitator «/, 
turning in the direction indicated by the arrow, and which constantly keeps the box, to the depth 
of its arms, free from accumulations, bo os to form a depression in which the mercury and amalgam 
may become deposib-d. 

To use this apparatus, one of the stops c' is placed in the slot c, and the mill started in 
the usual way ; the sand which has passed through the amalgamator soon reaches the tye, and tho 
heavier portions begin to accumulate behind the stop, whilst tho lighter jiarticlca arc carried off by 
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the current. The removal of the light sand in facilitated by gently sweeping the surface of the 
deposit upwards against the Btream with a light broom, a boy wing stationed there for that 
purpose ; and when the pyrites which is dcpoaittd accumulates to the height of the top of the 
first stop, another is inserted, and the operation carried on continuously. When one of the tyea 
has been filled in this way, the tongue E is so turned as to direct the sand and water into the other, 
which is thus filled whilst the first is being emptied. 



It is evident that by this means the pyrites will bo collected in the tyea in a very concentrated 
form, and that the amount of labour required is but small ; we have, however, never seen this 
apparatus in operation, and are without any precise data showing its efficiency, as compared with 
the blankets and riffles now in general use. 

Reference .— A agitating rollers with iron blades; a, mercury troughs; B, copper riffles; 
C O', tyes ; c, apertures at bottom of tyes ; c\ stops for bottom of tyea ; D, trough for collecting 
mercury and amalgam ; rf, agitator in trough ; K, tongue for directing course of tailings into tyes 
C and C'. 

AMBULANCE. Fa., Ambulance; Gut., Fehihoapital ; Ital., Ospitale ambulant e; Span., 
Ambulancia militar. 

A variety of contrivances have been invented for the conveyance of soldiers wounded in battle; 
the main object of these contrivances, termed ambulances, is to remove the men with the least 
possible suffering, and to place them, consequently, in an easy position, consistent with the limited 
space allotted for this purpose, or until they can be removed to an infirmary or military hospital. 
Fig. 12ti represents a carriage designed to carry five wounded men ; such carriages are employed 



in the Italian army, and constructed according to directions given by Dr. Bertani. The inside of 
the body of the carriage, Fig. 12fi, contains five beds, namely, two on the side-seats, which are 
placed lengthwise in the body of the carriage, and two above these supported by beams which are 
fixed to iron pillars or supports ; the fifth b<d is placed at the bottom of the body of the carriage 
between the seats. The carriage is made to open sideways, so as to give facility to place the 
wounded men on the beds, which rest on flat steel springs that act with ease, in consequence of 


Digitized by Google 



AMBULANCE. 


57 


127 . 




their nicely adjusted power of elasticity. Tanks, made of zinc, are placed under the supports of 
the beds ; these tanks are fitted with suitable gutta-percha tubing, which carries off the fluids that 
escape, to funnels which communicate with openings under the carriage where the fluids are 
discharged. The upper beds, by means of a auitablo mechanical contrivance, can be lowered so as 
to obviate any difficulty that might arise in 
placing the men upon them with ease and 
rapidity ; the beds, with the wounded men, 
are replaced by the same mechanical con- 
trivance. The frame- work of tho vehicle 
shown in Fig. 126 is solidly and well built ; 
the body is supported upon six springB of the 
best make ; ventilation is amply provided ; 
and great care has been taken to exclude 
strong light, which might interfere with tho 
comfort of the temporary occupants. 

Fig. 127 is an end view of the carriage 
shown in Fig. 126 ; the door at the back is 
shown in Fig. 127 ; it is strongly mado, and 
on its inside there are pockets which hold 
bottles of mcdicino and other necessaries. 

The driver’s seat is constructed to carry three 
persons — two and the driver. This convey- 



ance, shown in Figs. 126, 127, is light, and may be easily drawn over bad roads or through fields 
by two horses. 

Fig. 128 represents an American hospital railway-waggon, fitted up for thirty men. This 
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waggon or carriage is almut sixty-five feet long ; it is divided into two parts, one of which contains 
a chemist’s shop and a Burgcry, together with a small compartment for attendants. At the opjmsUe 
end there is a small comportment for the guard and breaksmnn. The beds are supported by strong 
straps of vulcanised india-rubber. This ambulance, Fig. 128, is properly lighted ami ventilated, 
ami, when necessary, it can be heated by a stove. Fig. 129 is an end viow of tho carriage shown 
in Fig. 128. Strong breaks, similar to those used on ordinary American railway-carriages, aro 
applied to the wheels of this ambulance both fore and aft. 

AMMUNITION. Fb., Munition de guerre ; Geb., Kriegs-aoununition ; Ital. } Munition* ; 8PAif., 
Munition r’s de guerra. 

See On»NAifCE. Small- arms. 

ANCHOR. Fr., Ancre; Gkr., Anker ; Ital., Ancora ; Spajj., Anch. 

An anchor is an instrument employed for obtaining a temporary hold of the ground, either 
under water or on land, but principally in the former position. By its use a strain may be resisted, 
ns in the case of tho ship at single anchor, or moored ; or a fixed point may be obtained on which 
to exert power, as in the caae of a vessel aground, the anchors of which, being laid out at a distance, 
enable her to bo ho re of by power exerted on board. 

The shapes of anchors arc various, to fulfil special objects. The weights range from tho 
112-cwt. anchors of the ‘ Great Eastern,’ down to those of the smallest yacht ; but the proportion of 
tonnage now employed in the Royal Navy is given in the following Table : — 
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The average appears to bo about g^th port of the tonnage for bower anchors of the larger 
classes ; one-third of this for the stream, and ^th for the kodge. 

Among solid anchors tho beet form is that of the British Admiralty, shown in Fig. 130; it 
consists of a sAanA A, with two hooked arms K, E, termed flukes, and a stoc-fc B ; tho shank A has a 
ring or shackle C, at the end. That end of tho sliank which is next tho stock is called the small 
round ; the point F, where the arms and shank unite, is termed tiro erwen ; and tho rounded angle 
at its junction with tho arms, the throat. The arms, for about half their length, on* made either 
round or polygonal ; the remaining half consists of three parts, namely, tho blade, the palm, and 
the bill. The blade or wrist is the continuation of the orin towards tho palm or fluke D, which is 
a broad, flat, triangular plate of iron fixed on tho inside of tho blade. The bill or pea G, is the 
extremity of the arm. I, I, are projections intended to enable a wooden stock to be applied in case 
of necessity. The forelock ond its chain ore shown at H, Fig 130. 

Among hinged anchors the best forma are those of the l’orter or Trotman, shown in Fig. 131, 
and the Martin, Fig. 132, which has tho peculiarity of holding with both flukes. 

130 . 


v 


The chief requisites of a good anchor are solidity, holding-power, and non-liability to 
“fouling.” Also the anchor must be easy to “cat” and “fish,” and certain to “bite” when a 
strain is applied. 

’And here a comparison may be useful between the old form of anchor, as the Admiralty {vide 
sup.) and hinged anchors. While one fluke of the old form must always be standing up otit of tho 
ground ready to go through the Imttom of an iron ship, or to inflict serious damage on a wooden one, 
ami is always likely to catch tho “ bight ” of the chain cable as it is dragged round when a gale 
arises and the ship swings to her anchor, and thus cause n foul anchor,— the hinged anchor has no 
such inconvenience, and in the case of Martin’s has a far better hold of the ground. Against this, 
in the Admiralty anchor are to bo put the solid advantages of superior strength and simplicity. 

A rude but efficient form of four-fluked anchor is made of wood and stone. Fig. 133. aud is 
still in use in eastern countries. The anchor of mowt civilized nations is made of wrought iron, 
but for this, os in chain cables, steel might with advantage be substituted. Since the introduction 
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of chain cable*, a great part of the weight formerly considered necessary may be dispensed with, if 
the tensile strength remains the same. This is on account of the fact that thn weight of chain 
lying on the mud or ooze at the bottom contributes so much to hold the ship, tlmt she rarely u looks 




at her anchor ” unless in a heavy gale. A useful form of land-anchor is tliftt where, instead of an 
anchor of the ordinary type, posts of wood or burs of iron are made to do the same dnty. 
Fig. m. 

Tho laying out of large anchors in cose of disaster at sea is best accomplished by the use of two 
boats of similar size, between which the anchor is slung, Fig. 185. A, A, are spurs lashed fore ami 
aft in the boats ; B, B, are larger and shorter s]>arH, which rest on A, A, and support the anchor hung 
below ; C, C, stock of anchor ; D, the anchor. 

Every man-of-war has two u bower” anchors— the best and the small : a sheet anchor, some size 
as tho best bower ; a spare anchor, ditto ; and a stream anchor ; with two or more “ kedge " anchors of 
smaller Bize. The two bower anchors, as their name implies, are always at the bows,— best bower 
starboard side, small bower port side, secured to tho ** cat-heads ” and “ fish-bollard ; ” sheet anchor 
starboard side, abaft fore-chains : spare ditto ditto port side ; the others as most convenient, hut all 
generally outside tho ship’s gunwale, whore they may easily be got at in case of necessity. Tho 
mushroom anchor for moorings is shown in Fig. 136. 
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double grip when the anchor ia moved by the cable along the holding-ground. A strong key-bolt 
g , acta n.s a hinge at the turning point ; the range of the motion ia limited by the earns <r, e. A 
shackle /, ia fixed at the crown. The homa c f c, cause the anchor to lie on the ground in the right 
position, and compel the pahna to penetrate the ground and take hold at once. The use of a 
stock on the ahanlc a, in this anchor is dispensed with. It haa great holding power, lightness, 
facility of stowage, non-liability to foul, and facility of withdrawal from foul ground or obstructions. 

The anchor of F. J. m 

Latham is shown in Fig. 

139. It consists of a shank 
A, with two flukes, D, 
pivoted to a stock B, which 
vibrato on either Bide of 
the latter to an extent de- 
termined by the contact of 
a crown-piece C, with the 
stock. 

The anchor of the Vic- 
toria Docks, Ixuidon, ia a 
heavy iron casting, resem- 
bling a Bextant in form, 

Fig. 140. 'Hie length of 
the curved part of the back 
is 12 feet, the arc being 
struck from the centre of 
the gate pivot with a radius 
0, D, of 1 1 feet. In conse- 
quence of its great size it 
was cast in two pieces, \ held firmly in place by ten vertical bolts, 

which were bolted together y 2 inches in diameter, taking hold of a mass 

through the middle rib ; it of solid brickwork, 10 feet thick, by moons 

of bed-plates nearly 70 feet in area. There arc in addition two long raking bolts, passing through 
strong plates, bedded further back in the brickwork of the wall. 

The anchor strap, which is of wrought iron, is 7 inches deep and 2 inches in thickness, increased 
to 5 inches in the middle of the length. The ring or upper axis of the gate which it surrounds is 
18 inches in diameter. It is formed of a piece of forged iron firmly rivebsl to a wrought- iron plate 
] of an inch thick, on the top of the gate, which is stiffened by additional gusset-pieces and angle- 
irons. The strap is adjusted by means of keys ; and provision is made for examining them and tho 
strap with facility. 



Anctious, Ciiaix-cabi.es, axd Hawbehs op Merchant- butts, 
According to Lloy<ft Butts. 
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Two of the bower auchora must not be less than the weight set forth above, but in the third a 
reduction of 15 per cent, is allowed. All anchor-stocks must bo of acknowledged and approved 
description. 

Unstudied close-link chains of 1 inch in diameter and under, are admitted as cables, if proved 
to two-thirds the test required for stud-chains. Hut in all such cases a short length, not less than 
12 links, must be tested up to the full strain for stud-link chains. 

In cases where parties an* desirous of using or supplying chains of smaller size than is set forth 
above, a redaction is allowed not exceeding -^th of an inch in chains of 1 inch to 1$ inch diameter, 
and 1th of an inch in chains above 1 J inch diameter, provided they be subjected to the Admiralty 
strain for the size for which they are to be substituted ; and further, that a few links, not less than 
twelve, to lie selected by the tester, shall be proved to the breaking strain, and show a margin of 
at hast 10 per cent, beyond the Admiralty proof for a chain of the full size required by the 
Table. 

For steamers the anchors and cables will not be required to exceed, in weight and length, those 
of a sailing vessel of two-thirds their total tonnage. 

A X CHOK-TR IPPKK, or ANCHOR-STOPPER. Fb., A rramjement nufeanique pour v itement detacher 
r<mcre et le faire tomber dam I'eau ; Gek., Aim* Vorrichtuny rum srhnellen Werfen der A nker ; Ital., 
Appnrecchio per yet tar l\tncora ; 8paN., Aparejo para soltar el ancla. 

Au anchor-trip|ier is a device for the purjiose of relieving or forcing the anchor from the davit 
or cat-head. In the anchor-tripper of W. Stacy, Fig. 141, the tripping line K, turns the hook D, 
which holds the ring, thus permitting the ring to slide off its suspending honks. A is a block : B, 
the davit or cat-head ; aud C a rope |Muwing through the block and over the davit ; F is a guide- 
block over which the rojK-iiastM-a, and G is a la*laying-pin. Fig. 142 illustrates tho manner in which 
the anchor-tripper of B. H. Hcitmnnn is applied : A is a hawse-pipe, and B the anchor. To throw 
the anchor off from the jail with this tripper, it is only necessary to raise a lever ft, which rests 
upon the rail ; when this lever is raised, both tho shank-painter ami the ring-stopper are instantly 
discharged by tho motion given to the rotating bar or keeper D, with its troughs /,/, chain d, and 
latches c, c. 

Tho anchor-tripper of G. Gibson is shown in Fig 143. This invention consists in so forming or 
arranging upon the upper edge and inner side of the bulwarks of a vessel, and at or near the bow, a 



resting surface or support </, h, for the fluke of the anchor, that when desired, by simply releasing or 
unfastening the said support by means of tho detaining lever P, the anchor d, will readily fall and 
drop by its own weight. 

Works and Ileporta on Anchors:—* Anchor-making* in Htecl'g * Rigging and Seamanship,’ 4to, 
171*3. rering (R.), ‘ Treatise on the Anchor, with some Observations on Chain-cable*,’ royal 8vo, 
1819. Rodger (Lieut. W.X ‘Improvements in Anchors,' 8vo, 1830. Jamieson (A.), ‘On the 
Mechanical Properties of Porter’s Patent Anchor,’ 8vo, 1843. Cotsell (U.), ‘Treatise on Ship*’ 
Anchors,’ 12mo, 1850. ‘Parliamentary Reports on Anchors,’ 1800, 1804. ‘Rapports do la Com- 
mission du Minister'* de la Marim* *ur rExposition de 1807,’ Paris, 2 vols., 18tJ8. 

Anemometers employed in Mining Operations. 

ANEMOMETER. Fk., Amfmometre ; Gek., Windmesser ; Ital., Anemometro; Span., Anemd- 
metro. 

The anemometers of which we treat are instruments designed to measure the force and velocity 
of currents of air in mines through chimney-shafts and in other places. Meteorologists employ 
machines, termed anemometers, which they employ to measure the force and velocity of the wind ; 
of these machine* we take no particular notice here. 

Means em/dot/etl to Measure the Velocity of Air. — The difficulty of measuring the velocity of the air 
with precision has been, and still is, the chief obstacle against the attainment of conclusive experi- 
ments which shall indicate the laws of the effort exerted. 
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The most geneml mode adopted by experimenters consist* in throwiug to the wind light bodies, 
Htich a* feathers, thistledown, tlie smoke of powders, or the essence of turpentine, aud in observing 
the distance* described, with tho corresponding times, in the movement of translation. But this 
simple method affords but little precision, on account of tho small distances in which they can In) 
observed : of which we shall speak presently. 

Anemometers, composed of a small light fan-wheel, whose motion is transmitted to a counter 
which register* the number of turns, are most certain, and convenient for use, though they must 
previously be tested, or the relation existing between the velocity of the wind and the number of 
turns of the wings must be accurately determined ; this determination presents great difficulties. 

Most generally, we accomplish this test by placing tho instrument upon the horizontal arm of a 
species of horse-gin (Fig. 153) with a vertical axis, which is made to turn as uniformly ns p*wwible. 
We then observe simultaneously the number of turns of the wings and the velocity of translation 
of the instrument, and then suppose that the effect produced by this movement of the apparatus 
in the air the same as that which would he due to tho action of the wind, impressed with tho 
velocity of transport of the anemometer, upon the wings of the instrument at rest. 

In examining the different systems of measuring the velocity of air in mines, we shall describe 
the construction and practical application of the anemometers now generally employed : the first 
we shall describe is a very light anemometer which M. Combes, Inspector-General of Mines, con- 
structed to measure the small velocities of air, principally in the ventilation of mining works. 

Anemometer of M. Combes . ■ — This instrument is similar to Woltiman’s mill for gauging streams 
of a considerable section. It is composed of a very delicate axle A (turning in agate caps), upon 
which are mounted four plane wing*, equally inclined as to a plane perpendicular to the axis. In 
the middle of tho oxlo (Fig. 144) is cut an endless screw, which drive* a small wheel, R, with 
a hundred teeth, so tlrnt the latter advances one tooth 
for each revolution of the axle bearing the wings. The 
axle of the first wheel carries a small cam, which acts 
upon the teeth of a second wheel. R\ The last is held 
fast by a claw or very flexible steel spring, which is 
attached to the horizontal plate upon which the instru- 
ment is mounted. At each revolution of the first wheel 
with a hundred teeth, driven by the endless screw, tho 
cam starts one tooth of the Bccond wheel with fifty teeth. 

The two wheels are marked at intervals of ten teeth ; tho 
first from one up to ton, the second from one to five. Tho 
index-pointers, fixed upon light uprights, which boar tho 
axle of tho wings, serve to mark the number of teetli 
which each wheel has advanced, and thus to indicate 
the number of revolutions of the axle of the wings. By 
means of a detent and two cords, which move it, we may, 
at a distance, arrest the rotation of the wings, or allow 
them to turn, under the impulse of the current of air 
which strikes them. 

The manner of using this instrument is easily undcrsi 
limbs at zero, and the instrument in the axis of the air tubes, keeping the limbs immovable by 
means of a catch, which is loosened at the moment of commencing the observation, and made fast 
at the end of the same. 

It is well to prolong the observation as long a time as possible, ami for two or three minutes at 
least, if it can be done. The division of the limbs does not admit of counting over 5000 turns, 
which, for a velocity of air 9-84 feet per second, Mould only correspond with a duration of about 2*8 
minutes. 

The test or error of these instruments may differ very much from each other, though their 
dimensions may seem identical in all points. It should then he made for each one in particular, 
and repeated, as fnr as possible, whenever we wish to use it after an interruption. 

Thus the anemometer, whose trial Mas reported by M. Combes, gave 
r = 0 ' 8458 foot -f- 0 * 3005 a, 
r being the velocity of the air in feet per second, 
and » the number of turns of the wings in 1”. 

Another anemometer of the same model gave the relation 

v = 0-4921 foot + 0-3821 a. 

Remarks upon the Use of the Instrument . — This little instrument is handy for the measurement of 
small velocities, since we see that it can appreciate those from 0-492 to 0 82 foot per second. In this 
case it works long enough to give sufficiently exact indications in practice, still with this condition, 
that the current shall l>e continuous and tolerably regular, such as is the ease with mines whose 
ventilation is produced by permanent causes, slightly varying from one instant to another. 

The Resistance of the Air . — The phenomena produced by bodies moving in air are similar to those 
presented by liquids, anil the resistance which it opposes to the motion of these bodies is of tho 
same kind. Still, it is proper to distinguish between what occur* in uniform motion, aud that 
which takes place in variable motion. 

In the first case, the Telocity remaining the same, the fluid molecules, successively driven arid* 
hv the body, experience the same displacements, receive tho same velocities, and in different 
instants of its motion the body meets the same resistance. But in variable motion, accelerated, for 
example, tho fluid molecules receive greater and greater degrees of velocity ; and os they belong to 
an elastic fluid, the fluid prow formed in front of the body acquires a density and mnss continually 
increasing, whence it follow* that the mas* displaced increase* in tho some time a* the velocity 
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imparted to it. Wo conceive then, a prion’, that the greater the acceleration of motion t , 00 will 

be the resistance ; and no wo may foresee that, in accelerated motion, the expression of the resistance 
of the air must comprise, IjcnuIos other terms, one peculiarly due to the acceleration of motion 
itself. It was reserved, however, for the experiments of Morin at Metz for the first proving of this 
mutter, to which we shall allude presently. 

Bemlta of Kxf/enoienta . — The celebrated Bonin made, in 1763, experiments upon the laws of tho 
resistance of air, by means of a kind of fan-wheel, w ith a vertical axle and horizontal anas, a little 
over 7’ 15 foot in length. He placed at the end of this arm the surfaces and different formed bodies 
on which he wished to operate, and he observed the uniform velocities of the fly-wheel under the 
action of different weights. He thought the influence of the friction of this apparatus might be 
overlooked, which lias occasioned some uncertainty in his results ; for it is difficult to admit that, 
in dealing with so wmoll a resistance, the portiou of the motive weight engaged in overcoming the 
friction should not be comparable to that sunnountiug the resistance of the air. 

Uorda placed in succession, wt tho ends of the arms of his apparatus, square surfaces of 9*56, 
0*38. and -1*25 inches at the sides, and set them in motion with weights of 8*8, 4-4, 2*2, 1 *1, and 
0*5 lbs., aud consequently with different velocities. From the dimensions ami data relative to 
this apparatus, the author has calculate! the resistances of the air cnrreeqjonding with the different 
velocities, and tho results expressed in yards are giveu in the following Table : — 


IIksi'lto or Bokda’s Kxi-khimunth li*os the Resistance of Aik. 


Surface of 9-591 Inches cacti ride, 
or of *07099 square yard. 

Surface of 6' 394 incbM each ride, 
or of *031 U square yard. 

Surface of 4 * 263 Inches earh ride, ! 
or of *111402 square yard. 

RcxiMuee 
of Air. 

Velocities. 

Squares or 
Velocities. 

Kcristancv 

of Air. 

Velocities. 

Square* of 
Velocities. 

ii.-sistuiio 
or Air. 

Velocities. 

Squares of t 
Velocities. 1 

lb. 

0* If 1695 

yard*. 

3*787 

14*3*1 

lb. 

0*10713 

yard*. 

5 *938 

35-26 

lb. 

0*1592 

yard*. 

9*053 

81*94 

i> ■ o7«f r. 

2 090 

I'TM 

0*08356 

4*199 

17*64 

0*0796 

6*397 

40*93 

0*01168 

1*891 

3*579 

0*0416 

2*978 

8*86 

0-03S9 

4*505 

20*30 

0*02084 

1*334 

1*780 

0*02083 

2*091 

4*28 

0*01986 

3*84 

10*14 

.... 

•• 

•• 

0*01036 

1*882 

1*91 

0*00944 

2*252 

5*07 


If we represent these results graphically, in taking the resistances for al*scissre, and the squares 
of velocities for ordinates, we find all the ]>uint* relative to the same surface are situaUd in a 
straight line, thus indicating that the resistance increases as the square of the velocity. Tho small 
extent of surfaces mad bv Morin could not manifest with certainty the existence of a constant term 
in tho expression of resistance. 

(’« inquiring these results with the formula B= K, A V s (expressed in yards and square yards), 
we have for K, the following values ; — 

Square of 9*585 in. or 0*26575 yd., side, K, =0*1018. 

Square of 6*390 in. or 0*17710 yd., side, K, = 0*1472. 

Squnre of 4*203 in. or 0* 1181 yd., side, K, =■ 0* 1382. 

The coefficient K, is for A in square yards, and V in yards. 

It is to lie observed that Borda having neglected the influence of friction, which increaspf) with 
the resistance und the motive weights employed, the apparent diminution of the resistance for the 
smaller surfaces may be attributed to this cause. 

Experiment $ by M. Thibault upon Bodies in Motion in the Air . — We are indebted to Thibault for 
numerous and very well executed experiments, published at Brest in 1832. Ho used for his 
experiments a fly-wheel with two wings, turning on a horizontal axle, and moved by a weight, 
which the resistance of the air itself soon rendered uniform. This very light wheel was composed of 
a steel axle 2 * 13 ft. in length by 0*016 ft. square, terminated by journals with a diameter of 0*0082 ft. 
The arms of the fly were each formed of an iron rod 8*97 ft. long by 0*015 ft. wide in the direction 
of movement near the axle, and 0*010 ft. near the ends, with a constant thickness of 0*019 ft. in a 
direction {simllel to the axle. The side of the arm striking the air was beveled. 

The wings were mounted upon the arms of the flyer, and at first directed in planes passing 
through the axis; then by mentis of suitable arrangements they wore inclined, 1st, in turning them 
around the radius; 2nd, in turning them round parallel to the axis, so that their direction left tho 
axis either in the front or in rear. Tho inclinations thus obtained were varied at intervals of five 
degrees, and were carefully measured. The motion of the fan-wheel was produced in all cases by 
the same motive weight of 8*82 lbs., and the duration of twenty turns made with uniform motion 
was observed. 

Morin calculated the results of the experiments of M. Thibault, in applying tho formula 
It = K/A -r K, AV», 

which represents, ns we shall see hereafter, all tho results of the experiments made at Metz. I 11 
giving to the coefficient K,' relative to the constant resistance, independent of the velocity, tho 
value K, = 0*08002 (units of yanls), derived from these experiments upon a fan-wheel, we are 
enabled to deduce the value of the coefficient K, dependent upon the velocity. The inclination 
of the surface of tho wings towanis the direction of the motion was also taken, by introducing in 
the second term of the formula, in place of the area A = 0* 12323 square yard, its projection upon 
a plane perpendicular to the direction of the motion. 
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Experiments of M. Thibault upon the Resistance of Air. 


Inclina- 
tion of 
Surfaces. 

Time of 20 
revolutions 

Of WiKCl. 

Velocity 
of centre 
of the 
Wings. 

Total 
resistance 
of each 
Wing. 

Part of the 
resistance 
Independent 
of the 
Velocity. 

Resistance 
proportional 
to the square 
of the 
Velocity. 

Ratio of the 
resistance to 
the square 
of tbe 
Velocity. 

1 “rejection of 
•urlace upon 
plane perpen- 
dicular to 
Motion. 

Resistance per 
square yard 
projected, 
and per yard 
of Velocity. 


second*. 

yards. 

lb. 

lb. 

lb. 

lb. 

•q. yard. 

lb 

!K) 

G8-40 

2*752 

0*1660 


0*1563 

0*02063 

0*12323 

0* 16737 

85 

88 07 

2*765 

0*1658 


0*1561 

0*02041 

0*12278 

0*16619 

80 

67*90 

2-772 

0*1658 


0 1561 

0*02031 

0*12139 

016729 

75 

67*70 

2*781 

0 1658 

0 0097 

0*1561 

0*02018 

011904 

0- 16953 

70 

65*56 

2*828 

0*1655 


0*1558 

001948 

0*11581 

0*1682 

65 

64*76 

2*906 

0*1655 


0*1558 

001845 

0*11169 

0*1651 

00 

62*47 

3*014 

01651 


0*1554 

001710 

0*10673 

0*1602 

55 

61*15 

3*078 

0*1648 


0*1551 

0-01637 

010095 

0 1621 

50 

60*25 

3*124 

0*1648 


0*1551 

0*01588 

0*09440 

0*1682 

45 

56-75 

3*318 

0*1642 


0*1545 

0*01403 

0*08714 

0*1610 

40 

52*83 

8-563 

0*1635 

• • 

0*1538 

001211 

0*07921 

0*1529 

35 

48-50 

3*882 

0 1022 

.. 

0*1525 

0*01011 

0- 07084 

0 1428 

30 

43 00 

4*378 

0*1602 


0 1505 

0-00785 

0*06161 

0*1274 

25 

36-75 

5*122 

0*1569 


0*1472 

0*00561 

0*05208 

0*1077 

20 

30*50 

6 173 

01549 


0*1452 

0*00881 

0*04214 

0*0904 

15 

24-50 

7 *683 

0*1411 


0*1314 

0*00222 

003189 

0*0697 

10 

19* 

9*910 

0 1220 


0*1123 

0*00114 

0*02137 

0*0535 


This Tablo contains the data of the experiments of M. Thibault, anil the results of his calcu- 
lations. The figures entered in the Table show that the resistance to the square yard of surface 
projected perpendicularly to the direction of the motion, and per yard of velocity, where the value 
of the coefficient K, of the formula, It — K, A V 5 , does not decrease so long as the angle of inclina- 
tion is not below from 50° to 00°. 

Itcmarka upon Wing-regulators and Windmill *. — It follows in the case of fan fly-wheels used as 
regulators of motion, where the wings arc* inclined and turn round the radius of the fly-wheel, that 
when the motive power is too feeble we do not liavo a diminution of resistance until the wings 
have passed the inclination of from 50° to 60° ; and ns these regulators should also serve to prevent 
the acceleration of motion when the motive power increases, and consequently then afford the 
greatest resistance, it would lie well, in the normal state, to place them at on angle of about 35 J 
with the piano perpendicular to the direction of the motion. 

It seems that something analogous to this is produced in windmills, the sails of which arc, 
by some special mechanism, made to incline when the wind has acquired too much intensity. 

Experience shows, in fact, that this ditqxMition, the aim of which is to check tho velocity from 
being too greatly accelerated by the effect of squalls, does not fully attain its object, and that the 
mill, whose normal velocity is from five to six turns in one minute, by a good breeze from 10 to 19 feet 
of velocity per second, reaches that of from twenty-nine to thirty turns, and more, with greater winds. 

Experiments u/«n different formed Surfaces . — M. Thibault lias successively repeated the samo 
experiments with concave cylindrical surfaces ; he arrived at the same consequencoa, and has esta- 
blished the foot that, with an equal projection of surface, upon a plane perpendicular to the direc- 
tion of the motion, the resistance increases gently with the curvature. 

As for hollow surfaces, with double curvature, such as frame surfaces, the resistance increases 
with tho curvature, and more rapidly than in tho preceding case. 

A comparison was made of the resistance offered by l*;nt sails, with that experienced by plana 
sails with the same surface as that of the sails developed ; the two surfaces of folded sails were each 
0* 1302 square yard, and the lower side was brought near the upper, as is usual with sails under the 
action of wind ; and Thibault found that the resistance of the beut surface was the same ns that of 
the plane surface, notwithstanding the diminution of the projection of the first surface upon the 
direction of the motion. A comparison is thus made between the increase of the resistance duo to 
the curvature, and the diminution due to the narrowing of the projected surface. 

This consequence is important, inasmuch as it facilitates the applications relative to the action 
of wind upon the sails of vessels. 

Influence of the Indination of the Wing *. — It was found that when the vanes are inclined so that 
the axis of rotation is found in front of their plane, in regard to the direction of motion. Fig. 145, 
the resistance diminishes rapidly as the inclination increases, and that at tho inclination of 55° it 
is not more than 0*5715 of the perpendicular resistance; while when the axis of rotation is found 
behind the plane of the wings, the resistance goes on increasing even up to the angle of 55°, Fig, 
HO, for which it is equal to 1*2293 times the perpendicular resistance. 



These results show that this mode of inclining the vanes of fly-regulators answers readily the 
proposed purpose, since in disposing them so that the vanes may be inclined at will in either 
direction, Fig. 147, the resistance experienced may be rendered greater or leas, according to the 
necessities of the case. 


ANEMOMETER. 


05 


Tlio unmo experiments, repeated upon curved surfaces, with different degreca of inclination, have 
led hi similar consequences, while indicatin'; ft still greater intensity of resistance than is exp-ricnced 
by plane surfaces. Thin explains the advantage which navigation derives from the movements of 
rotation impressed njion sails parallel to the axis of the masts. 

Influence of the Approximation of the Surfaces which are expxsetl to the Resistance of the Air. — M. 
Thihault has also made some experiments to ascertain whether two equal surfaces (placed ono 
Itehind the other, a very small distance apart) experience o less total resistance tlian when isolated. 
For this purjioso he mounted up>n his ny-whoel four wings, placid in pairs, the one behind the 
other, at a distance which he hns not given, and he found for the case upon which he operated 
that the resistance of the posterior was not over | of that of the anterior surface. This result, 
which can be applied to railroad trains, is important, and it wns desirable that more complete 
experiments should be made upon this subject. See DYNAXOMETEK, Railway Car. 

Influence of the Form of Surfaces. — The same experimenter having placed at the extremities of 
his fly-wheel various surfaces of the same area, but of which two were square, two circular, nnd two 
in the form of a right-angled triangle, so that the centre of their figure wns in all cases at the sumo 
distance from the axis, has observed that under the notion of the same motive weight the fly-wheel 
took, in all cases, tin? same velocity, which shows that the resistance is independent of the form of 
the plane surfaces experimented upon. 

Resistance of Air to the Motion of Spherical Podies. — This particular case, which is of special 
interest in the study of the motion of projectiles in the air, has for a long time occupied the 
attention of philosophers and geometricians. Newton was the first to experiment npon this subject, 
in observing the fall of spherical bodies. Hutton and other observers have studied this resistance 
in the case of small velocities, by means of n rotating apjiaratiis ; and more lately the latter, in 
comparing the velocities of projectiles nt different distances from tbo piece of ordnance, has 
extended his researches to great velocities. 

Hero, however, wo limit ourselves to indicating tbo results more especially applicable to 
industrial questions. 

From a summary of Newton’s experiments upon tlio fall of gloss globes in air, with velocities 
comprised between zero and 20*528 feet per second, at a mean temperature of 58*6°, and nt a pressure 
of 2*46 feet, the value of the coefficient K, was about 0*0007137, so that the resistance experienced 
by spheres moved in the air, at velocities comprised within these limits, would be 

D ? 

R =0*0007137 AV* as 0*00071 37 { ^ V* for units of feet ; 

D 3 

or R =0*05781 AV*= 0*05781 y..,-q V*, for units of yards ; 

but in gr«d velocities tbo coefficient of the resistance increases with the velocity ; nnd after a 
discussion of Hutton's experiments, and those of the Commission at Metz, General Piobert Ims 
proposed, for a representation of the law off tbo resistance of the air to the motion of projectile v, tbo 

formula 

R = 0*03546 AV 3 (1+ *002103 V), units of yards, 

R =0*00043778 AV 3 (1 +0*0070102 V), units of feet ; 
which would indicate that, with tlicso velocities, the expression of the resistance must contain a 
term proportional to tlio cubo of the velocity, and that the constant term is without a sensible 
influence. 

Experiments at Metz upon Porlies moving in Air. — Numerous experiments, with the joint labour of 
MM. Piobert, Didion, and Morin, were mado at Metz in 1835 anti 1837, which were more par- 
ticularly made by M. Didion, in which they mado use of chrononu trie apparatus to observe tlio 
law of the descent in air of different formed bodies, and of different dimensions. These experiments 
wore made where the experimenters could avail themselves of » vertical full of 46*916 feet. 

The bodies employed were suspended upon a silk coni, wound round a pulley, which in its 
motion bore a style whose trace upon the plate of the chronometric apparatus, impressed with a 
known uniform motion, and observed at every experiment, furnished the law of motion of the 
descent of the body. 

Special experiments were made to determine tlio passive resistances of the apparatus, to keep an 
account of them in the calculations. 

Without going into a detailed discussion of tho results, and the testa applied to them, wo simply 
indicate the method adopted for the calculations. 

MM. Morin, Piobert, and Didion, from their experiments upon the resistance of water, concluded 
that in the expression for the resistance of fluids there existed a constant term, and that of a term 
proportional to the square of the velocity. This conclusion wns confirmed by the experiments which 
they made upon the resistance of air, obtained from uniform motion. 

A first series of experiments, made upon a thin plate 1*267 sq. yd., gave for the expression of 
the resistance of the air, 

R = 0*0663 lb. A + 0 - 1372 AV*; in units of yard* : 
but as tho fall of 46 0 feet was not sufficient to give nt the end of it a strictly uniform motion, and 
aa we shall presently ace that the resistance in variable motion must comprise a third term 

dependent upon the acceleration ~ of motion, it follows that the term 0*1372 AV 3 , which comprises 

implicitly this third term, is a little too great, and should Is* diminished. 

The existence of a constant term in the expression of the resistance wns manifested in tho 
experiments made ujion a wheel with wings 1-09 yd. internal diameter, lx-aring square wings 
0-2187 yd. by 0*2187 yd., twenty in number, presenting thus a total surface of 0*0568 »q. yd. 

F 
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The results of these experiments were very exactly represented in the cose of uniform motion by 
the formula 

K = 0*008892 lb. A + 0* 001907 AY*; in units of feet, 
and 

R = 0*08002 lb. A + 0* 1518 A V s ; in units of yards, 
ns may be seen in the following Table, in which the values found, at different uniform velocities, for 
the coefficient of the term proportional to the square of tho velocity are very nearly constant. 


Experiments upon the Resistance op Air to toe Motion op a Wheel with Plane 

Plates. 


Uniform velocity of the centre | 

I T<b- 1 

jda. 

! yd*. 

yd*. 

yd*. 

yd*. 

[ yd*. 

yd*. 

of resistance of wings, in> 
yards per second . . . . | 

2*89 

411 

5 17 

5 89 

G 69 j 

720 

7-83 

8-28 

Resistance of wings reduced) 

lb*. 

lb*. 

lb*. 

lb*. 

lb*. 

lb*. 

lb*. 

lb*. 

to the mean density of the} 

1*338 

2*602 

3-941 

5*183 

G-502 

7'867 

9 166 ! 

10-458 

Coefficient K, of tho square ofi 
the velocity J 

■15818 

•15618 

t 

•15077| 

•15355 

• 1498G 

*15494 

15194 

. 

*15818 

y 


Mean K, .. = '1548 


yds. I yd*. | yd*. ; yd*. 
C-58 7 25 7*83 '8*37 


y<la. 

i i**- 

i jdt - i 

•918 

4- 129 

5 108 |5* 


A review of the coefficient gives slight variations from those recorded by Morin, the mean of 
which would be K, = O’ 1004 instead of 0*1002. 

This comparison of the results of experiments with those of tho above formula show within 
what limits of exactness the latter represents the real effects. 

Method of Reckoning the Effect* of Acceleration . — It has been already shown that in elastic fluids 
the resistance must depend upon tho acceleration of motion : and if these considerations are admitted, 
it follows that tho resistance of the air in variable motion must be represented by a formula of the 

fonn ° f R = K,'A , + K 1 AV s +K,A-f . 

The experiments upon uniform motion having already furnished tho approximate values of K,' 

v 

and K, , it remains to find that of K, , or rather the term K, A j . 

Without going into the details of the calculations, we limit ourselves to pointing out tho method 
followed, since it shows a remarkable example of tho advantages to be derived from a graphic 
representation of the law of motion. 

In the actual case, this law being represented by a continuous curve, whose alwiswe indicate tho 
number of turns, or the spaces described, and whose ordinates express the times, it is clear that for 
one of these tangents, M P, for example. Fig. 148, the ratio of N P to M N, in the triangle M X P, will 
be the same as that of e to t. representing by e the infinitely small increase of the abscissa in passing 
from the point M to the infinitely near point M’, and by t the corresponding increase of time or of tho 

ordinato : this ratio * of tho elementary path to tho element of time in which it was described is 

e 

precisely what is termed the velocity, which we express by tho relation V= — ; and we see tliat we 
may, by means of the graphic trace of Fig. 148, form a table of the simultaneous values of the 
times and velocities, and so construct a new curve, whose absciss® bIir 11 be the times T, and whoso 
corresponding ordinate* shall be the velocities V. 

This new curve, Fig. 149, yields to analogous considerations ; the tangents, at the different 

points, give us tho ratio ^ , which is equal to the acceleration — , v being the elementary increase 
of the ordinate or of the velocity V, and t being always the elementary increase of the time. 


C T B 

Consequently, knowing at each instant the total resistance R, or the portion of the motive effort 
employed in overcoming the resistance of the air, as well as the coefficients K,' and K, , we may 

v 

calculate the term K, A -y and so deduce the value K,. 
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This process may be abridged by operating upon that part of the curve relating to the end of 
the fall, since the variations of inclination of the tangents of the first curve are so small, that 


E-E' 


instead of tracing them, wo may determine them by the value of the quotient •pITf' ^ 


difference of two consecutive spaces divided by that of the corresponding times. 

This ingenious mode of discussion led M. Didion to assign to the coefficients of the formula, 
which represents the law of the resistance of air to the accelerated motion of descent of a plate 
1 * 196 sq. yd. of surface, the following values : 

R = 0*06633 lb. + 0-1293 V* + 0*27652 -t 


which is reduced in case of uniform motion to 

R ^ 0-06633 lb. + 0 1295 V 3 , 
for one square yard of surface, V being in yards. 

Proof of the Exactness of this Formula. — To show, a posteriori, that this formula, composed of three 
terms, represents the law of the resistance in accelerated motion more exactly than those which 
only contain a term proportional to the square of the velocity, or two terms, the one constant, and 
the other proportional to the square of the velocity, M. Didion has first sought for the values of the 
constant coefficients which it was proper to admit for each of these formula!, so as to render them 
as exact as possible, and, after having found them, he calculated, by a very simple analytical 
method, the values of the times corresponding to the regularly increasing spaces described by the 
bodies, such as would be furnished by these formula?, and he has compared them with the real 
times furnished by the curve of the law of motion. From the results of this comparison, which for 
one ]wrtieular case are entered in the following Table, we see that the formula with three terms of 
resistance, represents, quite truly, the law of accelerated motion of the descent of a body in air, 

e 

while the suppression of the terra depending upon the acceleration — does not admit of so exact a 


representation of this law, even in determining the coefficients. so os to reproduce the calculated 
duration for one of the spaces, and that is also the case when we suppress the constant term. 

The only results inserted in the Table are those of an experiment, during which the temperature 
was at 62° -24* (Fab.) und tho barometric pressure at 2*465 feet of mercury. 


Comparison op Times and Velocities of the Fall of a Platf. One Mf.tre Square 
= 1196 Sq. Yd., Observed and Calculated. 


Spares 

described. 

Observed 

Duration*. 

Observed 

Velocities. 

DtTBATlOKB CALCULATE!) BT THE FOEMTL* 

Velocities 

cakuUtrd 

by 

formula 

<>)• 

R = ums + 
0-l»V» + 

0 376 j 

W 

R =0-066 
+ 0*166 V* 

(3) 

lb. 

R = 0-2076 Vi 

v<K 

seconds. 

jds. 

seconds. 

second*. 

B-TOTV.U. 

yds. 

0 0999 

0*176 


0178 

0-160 

0160 


0-1993 

0*254 


0-253 

0-227 

0-226 


0-2998 

0-306 


0-310 

0*278 

0-277 


0*3!H>4 

0*859 


0-358 

0-322 

0*321 


0*4809 

0-400 


0-400 

0*900 

0-358 


0-3997 

0*428 


0*428 

0*394 

0*393 


0-6996 

0*474 


0*473 

0-419 

0-417 


0-7996 

0-508 


0-506 

0*460 

0 457 


0*8995 

0*537 


0-536 

41 - 48*1 

0*487 


0*9995 

0-566 


0*566 

0-518 

0-515 


1*2018 

0*619 


0*622 

0-570 

0-567 


1 -3998 

0-679 


0-679 

0*619 

0-617 


1*5988 

0*725 


0-723 

0*665 

0-668 


1*7990 

0-771 


0-771 

0*710 

0-707 


1*9991 

0*815 


0*820 

0-748 

0 746 

3-46 

2*9987 

1013 


1*013 

0*947 

0*943 

•V4« 

3*9919 

1-187 

6*07 

1*186 

1*123 

1 120 

6*05 

4*8098 

1-846 

6-50 

1*346 

1*289 

1 287 

6*49 

5*9974 

1-493 

6*91 

1*497 

1*452 

1*451 

6*86 

6*9970 

1*636 

7*25 

1-639 

1*607 

1*606 

7*14 

7*9966 

1*771 

7-50 

1*776 

1*760 

1-7K0 

7 37 

8*9962 

1*910 

7*60 

1-912 

1-912 

1*912 

7*56 

9*8183 

2 034 

7 62 

2*042 

2-062 

2 064 

7*69 


Influence of the Extent of Surfaces . — To establish this influence, M. Didion used a square plate, 
each side of which was 0*5468 vd., and so having an area of 0*299 sq. yd., or equal to a quarter of 
that of the first plate. In calculating the time of the fall by the same method as for the plate 
of 1 * 196 sq. yd., and by means of the same formula 

B = /00CC381b. + 0 1295V= + 0-276^ jAyd., 

F 2 
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he found between the results of olwervation and those of calculation a coincidence quite sufficient to 
permit him to conclude that, between the extended limits in which he had operated, the resistance 
of the air is pm|iortional to the extent of the surfaces. The temperature and barometric pressure 
were sonaibly the same as in the experiments above referred to. 

Ooxpabiboh op Times and Spaces described in the Fall of a Plate op 0 209 Sq. Yd. 

Surface, prom Observation and Calculation. 


Space* 

described. 

Dr RATIOS. 

Spaces 

described. 

Dr RATIOS. 

Spaces 

described. 

I)U RATIOS. 

Observed. 

Calculated. 

Observed 

Calculated. 

Observed. 

Calculated. 

yds. 

seconds. 

•ccwnda. | 

yds. 

second*. 

seconds. 

Jita. 

seconds. 

seconds. 

0 0995 

0*174 

0173 i 

0*8322 

0*490 

0*485 

4*809 

1 *240 

1*215 

0*2001 

0*216 

0*242 

o-oooo 

0*519 

0*515 

5*997 

1*861 

1*330 

0*2006 

0*301 

0-207 

0*9995 

0*547 

0*543 

6*997 

1*476 

1*412 

0*4002 

0*356 

0*343 j 

1*993 

0-775 

0-707 

7*996 

1*586 

1*527 

0*4811 

0*387 

0*384 

2*998 

0*951 

0*939 

8*096 

1*693 

1*646 

0*0903 

0-125 

0*420 | 

3*998 

1102 

1*085 

9*540 

1*799 

1*738 

0*6999 

0*460 

0*454 








Consequence of these Results. — Wo see by this Table that tho calculated times of the falls are 
sensibly the same, though a trifle less than the observed times, which shows that if the coefficient 
of resistance varies with the extent of surface, it tends to diminish with the diminution of surface, 
rather than to increase, as some authors have concluded from experiments made by observation of 
the motion of rotation. 

In recapitulating, we may, without fear of notable error, admit in practice that tho resistance 
of the air is proportional to (he extent of the surfaces. 

Experiments upon Parachutes. — One of the most useful questions among our researches upon the 
resistance of air which our means of observation enabled us to resolve, was an exact determination 
of the resistance experienced by |Mimchutcs. Their concave form causing, with tho same surface, a 
marked increase of resistance, it was easy, in this case, to obtain a uniform motion of descent, 
which was indicated by the curve representing tho law of motion, which in this case degenerated 
into a straight line, whose inclination furnished the value of the uniform velocity. 

The parachute employed was composed of a frame of whalebones, disposed into four equidistant 
meridian planes, fastened upon a common rod, ami strengthened by stays. This frame was covered 
with tnfleta, strongly stretched, and it was susjiendwl uj*m a rod, at the lower part of which was 
attached the additional weights. 

The exterior diameter of the parachute was 1 *461 yd. measured perpendicularly from tho sides 
of the polygon, and 1 *312 yd. measured between the nearest points of the arcs formed by the rim. 
Its perpendicular projection to the direction of motion varied from l*433si|.jd. to 1444 sq. yd. 
of surface. Tho versed sine of curvature of this parachute was 1 '41 foot to the plane of tho ends of 
tho whalebones. 

A discussion of the experiments in which the velocity was uniform has shown that the resistance 
of tho air to the motion of this tmmehute could also lie represented by an expression composed of 
two terms, and that it was equal to 1*936 times that of a piano of the samo surface, that is to say, 
nearly double. 

It follows, from this, that it may be expressed by the formula 

It = 1*930 A sq. vd. [0*06638 lb. + 0* 1295 V s yd.] = 

A sq. yd'. (0- 1285 lb. 4 * 0 ‘2507 

for units of yards of surface and velocity, at the ordinary density and temperature of tho air. 

Case where the Parachute presents its Convexity to the Air. — In reversing tho parachute, and causing 
it to descend with its convex surface downwards, a much less resistance was found, and equal 0*768 
of that of the plane surface with the same area. So that in this case the resistance is represented 
by tho formula 

R = 0-768 A sq. yd. (0*06638 lb. + 0- 1295 V*) = 

A (0*0509 lb. 4-0 0994 V 2 ). 

Wo boo by this that tho resistance of the sumo body varies in the ratio of 1 *936 to 0*768, or 
from 2*5 to 1, according ns it presents to the air its concavity or convexity. 

Case where the Slot ion of the Parachute was Accelerated. — In this expression of resistance we also 

p 

admit the necessity of introducing a term dependent upon tho acceleration of motion 7 , and this 
expression for the parachute employed is 

R = A («■ 12001b. + 0-2513 V s + 0 2394 -y 
in units of yards for area and velocity. 

A comparison of the observed times of tho fall with those deduced from this formula has shown 
that it represents the cirrumstances of motion with all desirable accuracy. 

Resistance to the Motion of Inclined Planes in Air. — These experimental were made by means 
analogous to those above described, by causing to descend two jointed planes, 1 *0963 yd. long by 
0*5486 yd. wide, whose angles were varied, at intervals of 5°, from 3° up to 180% where they form 
a single plane. The results regularly observed from 180° to 130° have shown that the resistance 
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decrease* proportionally with thp angle*, »o that, calling a the angle of one of the planes with tho 
direction of motion, the resistance was expressed fur uniform motion by the formula 

R = A (0*06688 lb. + 0 - 1295 V 2 ), in units of yards. 

A comparison of tho observed resistance with those calculated by this formula show a satis- 
factory agreement. 


Comparison between the Observed and Calcttlated Resistances, foii Differently 
Inclined Planes. 


Angle* formed 
by each of the 
1‘liinw with the 
Dlrvctlou of 
Motion. 

Resistance* In the ratio to thoee 
of a Plane perpendicular to tho 
Direction of Motion. 

Angles formed 
by each of the 
Plane* with the 
Direction of 
Motion. 

Resistances In the ratio to those 
of a Plane perpendicular to the 
Direction of Motion. 

Obwrved. 

Calculated. 

Observed. 

Calculated. 

o 

90* 

1-0000 

1-000 

o 

77-5 

0-816 

0 861 

87-5 

0-996 

0-972 

70- 

0-773 

0-778 

82*5 

0-865 

0-917 

B7-5 

0-737 

0-750 

80* 

0-856 

0-889 

05- 

0*728 

0-722 


It should ho remarked that these results relate to the case of two equal and jointed planes, 
moved in the air, with tho edge of intersection in front, ami are by no means applicable to the case 
of isolated planes. 

The law of the variation of the resistance proportionally to the angles is also that which theso 
experimental philosophers found for water, in operating upon cones of different acuteness. 

General Conclusions from the Experiments at Metf . — In conclusion, tho reported experiment* which 
have been made with chronometric mechanism, giving the times, to nearly some thousandths of 
seconds, and the velocities ncquired at any instant nearly to a hundredth, in observing the law 
of descent in air of different sized plates, of two plates inclined towards each other, and that of a 
wheel with wings, for which the velocities have not exceeded from 29 to 33 feet n -second, have 
conducted us to the following conclusions : — 

1st. In the uniform motion of a body in air, the resistance experienced is proportional to tho 
extent of its surface, and to another factor composed of two terms, tho one constant and tho other 
proportional to the square of the velocity. 

As it was easily foreseen tliat the number of molecules of the air shocked by the displacement 
of the body must increase in the same ratio with its density, the general expression of the resistance 
should contain a factor relative to this density; so that calling d the density of the air at tho 
temperature and pressure observed, and </, its density at 50° (Pali.) and at 76 centigrade* (or 29*92 
inches) of barometric pressure, and preserving the preceding notations, this resistance is represented 
by the following formula; : 


Thin plates perpendicular to the direction of motion R = A 

f 0 066 lb. 

+ 0199 V 2 


j 



Parachutes 

R = A 5r 

{0*129 lb. 

+ 0-251 V 2 

Parachutes reversed 

b = a-£ 

/ 0-051 lb. 

+ 0-994 V s 


J „ 



Two jointed plates, inclined towards each other . 

|3 

< 

11 

1 0 • CHJ6 lb. 

+ 0-129 V 2 

Tho wings of a fan-wheel 

.. R = A*~ 
4 

| 0 08002 lb. + 0-1115^ 


It may lie observed that this last formula accords in a satisfactory manner with the results of 
M. Thibault’s experiments. 

2nd. In accelerated motion wc must add to the preceding expression a term proportional to the 
acceleration of motion, anti tho resistance is then represented by the following formula; : 


Thin plates perpendicular to tho direction of motion R=A^r j 0*066 lb. + 0'129 Y 2 + 0*27G -j J 

Parachutes K=Aj { 01281b. + 0-251 V s + 0-23M } 

With respect to the various modes of ascertaining the velocities of currents of air in mines, in 
order to determine the quantities circulating in a given time, we extract the following, on tho 
nature and use of anemometers, from a paper by John J. Atkinson and John Dnglish, published 
in the ‘Transaction* of the North of England Institute of Mining Engineers:’ — 

In the ventilation of mines, great advantages are well known to arise from dividing tho air into 
a series of currents or splits; and its proper distribution amongst these is an object of very great 
importance, because upon it dc|N!nds. to a certain extent, not only the actual amount of the grow 
quantity that will be put into circulation, in a given time, by any ventilating power that may bo 
employed, but also the relative degrees of safety and salubrity that will prevail in tho different 
districts into which the mine is divided. 
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Id order to effect this distribution of the air in such a manner as to obtain the most efficient 
general ventilation, and, at the same time, to allot to each district or split its proper sliare or 
proportion of the whole, it is essential to have some satisfactory mode of ascertaining the velocities 
of the currents and the quantities of air circulating in each of the splits in the unit of time. 

The various methods that have been employed for this purpose may be divided into three 
groups. 

First. — By travelling at the same velocity as the current, and noting the distance passed over 
in a uuit of time. 

Seamd. — Determining from observation the rate at which small floating particles are carried 
along by the current, and assuming their velocities to lie identical with that of the air-current 
itself. Smoke from exploded gunjiowdcr, burning turpentine or amadou, small pieces of down, 
tuid small balloons filled with hydrogen, have been all more or less employed for this purpose. 

Third. — By using anemometers, or apparatus of various forms ; and these may be divided into 
three classes (<i) Anemometers having vanes or wands, made to revolt* by the current of air 
impinging upon them, the rate at which they revolve Wing indicated by pointers on dials forming 
a |>art of the instrument — the pointers Wing mode to revolve by means of wheels connecting them 
with the axis of the vanes or wands. The anemometers of Combes, Biram, Whewel, Osier, and 
Robinson, are instances of this class of instruments now in use in this country, all of which require 
a correction for friction, (h) Instruments which are affected by the force or impulse of the wind, 
without being subjected to any continuous revolving motion, such ns Dr. Lind’s. Hennut’s, 
Bougier's, and Dickinson’s anemometers, (c) Anemometers of ft more complex character, such os 
Leslie’s. 

First Group. — Perhaps the primitive mode of ascertaining the velocity of currents of air in 
mines was tliat of choosing a part of the gallery forming the air-way having as uniform sectional 
dimensions as could be found, and after measuring off a distance of 100 to 150 yds. in length, 
taking a lighted candle and walking in the direction of the current, holding the flame in such a 
position as to bo fully excised to the influence of the current, but taking care to walk at the par- 
ticular rate required, to cause the flame to burn in an upright position, without being deflected from 
the vertical, either by the current or by the progress of the person carrying it. The time required 
to traverse the distance measured off. Wing noted by a seconds* watch, enabled the average rate 
of walking to W determined ; and the average rate so found, from three or four trials, was assumed 
to W the velocity of the air-current; and this, multiplied by the average sectional area of the part 
of the air-way selected for the experiment, was taken to represent the quantity of air passing in 
the unit of time. Formerly, when this mode of measuring the air in mines was in use, it would 
afford a close approximation to the truth ; but. with the ventilation now existing in many of our 
large mines, it would not be practicable to walk as quickly as the currents travel in the princi{ml 
splits; and running is not a sufficiently steady pace. One of the objections to this, as well as to 
all other methods that require a considerable distance to be traversed, over which to observe the 
velocity, is the difficulty of obtaining a gallery of equal area throughout, over a sufficient distance ; 
but in cases where this is attainable, this method admits of great accuracy for velocities up to 
400 feet per minute ; Atkinson and Dagliah state that they have Wen able to obtain as accurate 
results by this method as by any other, as mn be seen by referring to Table I. and Fig. 140. In 
Fig. 149, and in the other figures employed for the like purpose, the bent or crooked lines are 
obtained by taking the actual velocities of the air-currents (ascertained as hereafter described), 
and the revolutions of the anemometer, or other indicated velocities, as co-ordinates. If the 
indicated velocity were the same as the actual velocity, a line drawn through the points where 
they would intersect each other in the diagrams, would exactly coincide with the simple straight 
diagonal ; but ns the one exceeds the other, so the crooked lines drawn through their points of 
intersection depart more or less from the diagonal. 

The close approximation of this line to the diagonal shows that great accuracy can W attained 
by walking with a lighted candle. It ought, however, to be mentioned that the place where the 
experiments were made was in nil respects suitable, and specially adapted for the purpose, Wing 
perfectly level, and of an accurately uniform sectional area throughout the whole distance of 200 
feet. 

Second Group. — One of the princijial of the second group of modes employed for the measure- 
ment of air consists in observing the velocity of the smoke from an exploded charge of gunpowder 
in a part of the gallery of nearly uniform sectional area ; and this, until recently, was the means 
most generally adopted in the coal mines of this country for ascertaining the velocity of air- 
currents ; and although it has of late been largely superseded by the use of Benjamin Biram ’b 
anemometer, the practice is still in considerable use, anil, so far as regards shaft velocities, remains 
the only method. It is, therefore, desirable to ascertain how far the results obtained bv this and 
similar methods of measuring air-currents can be relied upon for accuracy, and to investigate the 
various sources of error connected with them, with a view of either avoiding or making proper 
allowances for their effects, so far as may be practicable. 

The sudden explosion of gunpowder in the confined passages of mines produces several effects, 
which tend to cause inaccuracies in the results obtained by noting the passage of the smoke as an 
index of the velocity of the current. 

Experiments prove (os indeed might have Wen anticipated, considering the small quantities 
of gunpowder used) that in general neither the increase of bulk due to the introduction info the 
current of the products of combustion, nor that due to the deration of temperature , have any appreci- 
able effect on its velocity. But other experiments show that the force of the explosion, w hen a 
considerable quantity of gunpowder is used in a feeble current, give* an impulse to the current, 
and creates a velocity in excess of the normal one. A revolving anemometer was placed in an air- 
passage traversed by a feeble current, so regulated as to W just strong enough fo produce thirty 
revolutions of the instrument a-minutc. The explosion of a cubic inch of gunpowder at a distance 
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of 70 feet did* not in any way affect the instrument ; but when the charge of gunpowder was 
increased to *20 cubic inches, the explosion caused a sudden and violent increase of its rate of 
revolving, acting as a temporary impulse, the revolutions very quickly decreasing to the original 
manlier again. The same effect is also clearly shown in the second series of experiments, page 77. 
The amount of error arising from this source, and which tends to incrouv the apparent velocity, 
depends on the quantity of gunpowder used, the sectional ansi of the air-way, and the velocity of 
the current, — increasing with the quantity of gunpowder employed, but decreasing as the sectional 
area of the air-way and the velocity of the current are increased, so that the explosion of a largo 
quantity of gunpowder in a feeble current of air jnussing over a short distance in a gallery of small 
sectional area will bo attended with the greatest errors; but as, under the ordinary conditions of 
the currents and air-wavs of mines, 1 cubic inch of gunpowder does not give rise to any sensible error 
from the cause alluded to, and ns it affords sufficient smoke to 1** readily observable at a distance 
of 200 feet, that quantity has been adopted os a standard, and used in the experiments made by 
Atkinson and Pnglish. 

It appears to lie very desirable that a standard quantity of gunpowder should be employed in 
all cas<-*s. whether in the ordinary' measurement of air or in conducting experiments, to enable com- 
parisons to Ik* mnde, ns any variation in this respect will give rise to discrepant results. 

If n charge of gunpowder lie exploded in an air-current, and the velocity of its smoke be timed 
over a series of consecutive and equal distances in an uniform air-way, it will be found to be appa- 
rently mast rapid near the point of ignition, and to decrease gradually as it flies to n greater 
distance from that |*>int. This is a most serious source of error, and may be regarded as fatal to 
the accuracy of this method of determining the velocity of a current of air. 

Tin* following experiments, selected from many others giving similar results, establish what 
has been just stated. 

The charge in each of these experiments was 1 cubic inch of gunpowder, which was exploded 
10 feet to the windward of the commencement of the first space, or interval of 25 feet, am! the 
time was noted when the smoke reached the commencement ami also the end of each of the two 
intervals of 25 feet, into which the total distance of 50 feet was divided. 


Equal Quantities of Gunpowder at Different Velocities. 


Time in pawing Time in pawing 
©Ter First Interval over Second Interval 
of 25 feet. of 25 feet. 



5" 


• 21 " 

15J" 

9" 

H" 


Total Time. 


86 " 

28" 


isr 

ior 


Average Velocity of the 
Air-torrent, as indicated by 
the Smoke. 


83 feet a-minnte. 
107 

193 „ 


In the above experiment it will lie noticed that in all cases the time occupied in passing over 
the second interval is greater than that occupied in | wishing over the first ; and it is further observ- 
able that this difference decreases as the velocity of the air increases. At the low velocity of 
83 feet per minute the time's are 15" and 21", being a difference of 10 per cent, of the leaser time ; 
whilst at the higher velocity of 285 feet a-minute, the difference between 5" and 5$" only amounts 
to 10 per cent. 

The charge of gunpowder, in the two following series of experiments, was varied in quantity, 
and exploded 20 feet to the windward of the first interval ; the time being noted, as before, when 
the smoke reached the commencement and also the end of each of tho two intervals of 50 feet. 


Different Quantities of Gunpowder and Equal Velocities. 


First Series. 


Quantity of 

Time In pawing 
over First Interval 

Time in pawing 
over Second Interval 

Total Time. 

Gunpowder. 

of SO fort. 

of 60 feet. 

Cubic ruche*. 
1 

37" 

45" 

82" 

4 

27" 

35" 

62" 

20 

15" 

24" 

39" 



Second Series. 


1 

5" 

5" 

10" 

4 

. .. 5" 

5" 

10" 

20 

. .. 4" 

5" 

9i" 


Average Velocity of Air- 
current, m indicated 
by tbe Smoke, In 
fret a-minute (pre- 
sumed average). 

75 


It will bo observed in these experiments 1st. That in a slow current (75 feet a-minute), with 
20 cubic inches of gunpowder, the time occupied by the smoke in passing over the second interval 
of 50 feet was 60 per cent, more tlian it occupied in passing over the first interval of 50 feet, 
allowing that the apparent velocity gradually decreased. These experiments further show, that 
this gradual loss of velocity is greatest where the charge of powder employed is greatest. 2nd. 
That the apparent velocity, and, therefore, the ap|iarent quantity of air, is more than doubled 
(being in the proportion of eighty-two to thirty-nine) with the low velocity, by using 20 cubic 
inches of gunpowder instead of 1 inch. 3rd. Thut these discrepancies are by far the greatest at low 
velocities, and are hardly appareut at high velocities, ns will be seen by the second series. 

The smoko resulting from the explosion of gunpowder is not of the same density as the air- 
current. This has boen observed by previous experimentists, and has been confirmed by Atkinson 
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and Pnglish, by cabstituting turpentine smoko, which can 1* olxtcrvod at a distune* of 50 feet, but 
wliich and cannot be accurately observed at 100 feet, 

Oxk Ccnic ins Govrovnn. Tvsnamra. 


First Interval Second Interval 
of feet. of 38 fM, 

TotaL 

First Interval 
of 38 reel. 

Seo»*nil Interval 
of 35 levU 

Total. 

17 

+ 

21 

88 

11 

+ 14 =* 

25 

13| 

+ 

1G| = 

30 

10 

+ 12 = 

22 

7 

+ 

y = 

16 

.. 8 

+ 8 

16 


It will bo noticed that, whilst gunpowder smoko required 88", 80", and 16" respectively to 
travel a distance of 50 feet, in a current having the same velocity, turpentine smoke required only 
25", 22”, and 16". Hut it may l»e observed that ex|mriments made with turpentine smoke are very 
unsatisfactory. The turpentine cannot, like gunpowder, lx> ignited in a large i|iuuitity simultane- 
ously, hut resembled more the ignition of a train of gimjxiwder ; added to this, the resulting smoko 
is very difficult to discern, and is soon dissipated. 

Kx peri men tists who have written on this subject hare also noticed another aource of error in 
all currants, especially in the more feeble, in tint eddies and streams of varying velocity which 
almost always exist ; and when any small particles or light bodies are introduced into the currents, 
a part of them get into the axis of greatest velocity, and give a result higher than the average; 
oilier portions lly too slow ; and even on the average of the first and last particles traversing the 
distance, the results are too low. 

^Similar remarks are applicable to the use of smoke; at least Mona. Jochams (‘Annals dea 
Travnux Publics de Belgique/ vol. ix.) came to thcKo conclusions on comparing the results of his 
cx|s-ri incuts by these inodes with tin- corresponding and simultaneous observations made with 
Combes’ anemometer. The results of his experiments, indicating the distances traversed per 
second by the different agents, are given in the following tabulated form : — 



Velocities 

VnooRns or nut Cnun or Aih okkrved with 



duluced 
from Mona. 
Combes’ 
Anemometer. 

Powder Smoke. 

Amadou Smoke. 

Down. 


First of 
Smoke. 

Average of , 

Smoke. | 

Flr»t of 
Smoke. 

Average of j 

Smoke. 


Metres 

„ 

4*84 

1-53 

2*34 

1*67 

2*78 

1*25 

2*00 

1 *56 i 
2*50 

iio 

2*00 

4-31 


In reference to the down especially, if it got out of the axis of the air-way where the most rapid 
current prevailed, it adhered to the damp walls of the gallery, and was, consequently, greatly 
retarded. 

The various sources of error connected with the use of gunpowder smoke are given in the 
following tabular form 

Causes of Erbob in Experiments n on the Velocity of Air-Currents in Mines, 

BY MEANS OF OuNPOWDEB SMOKE. 

Cause. Effect. 

1. — The expansion of the whole | | 1. — The eon version of a small por- 

column of nir. by the addition to it J Tending to increase I tion of solid gunpowder into gas. 
of the results of the combustion of \ apparent velocity owing < 2. — The further expansion of 

gun|x»wder, and l»y the heat do- j to two causes, m. .* — j this, owing to the high teiupcrn- 
velopcd (of slight magnitude), ! I ture of ignition. 

2. — The explosive force of gtin- 1 Tending to increase the apparent velocity, and can bo 

powder (of consult miWc my/nittnle). I avoided with care. 

3. — Diffusion or dejswition of the 1 Tending to decrease very considerably the apparent vo- 

amoke. J loeity. 

4. — Eddies and currents. 1 (living rise to serious irregularities, materially affecting 

5. — The density of the smoke. / the accuracy of the results. 

Precautions to be used in Experimenting with Gunpowder Smoke. — By the use of fixed quantities 
and distances, and the avoidance of extreme velocities, an approximation to accuracy in the measure- 
ment of air-currents by gunpowder smoke may 1 m; uttuiiud ; and the numerous experiments uuulo 
by Atkinson and Daglish suggest the following precautions ns being necessary: — 

1st. Always to use 1 cubic inch of gun]»owdor as a standard. 

2nd. The velocity of the current never to be less than 100 feet a-minuto, nor to exceed 500 feet 
Q-minuto. In order to attain this, a gallery of such area must be selected as will afford this 
velocity of current. 

3rd. The time not to be less than twelve seconds, nor to exceed thirty seconds. 

4th. To explode the gunpowder 10 feet to the windward of the fir»t mark. 

Therefore, in slow currents of from 100 to 250 feet per minute velocity, the distance to bo taken 
over which the smoke |wsscs will 1 m; 50 feet; and for the higher velocities of from 250 to 500 feet, 
the distance will bo incrcawd to 100 feet. 
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The following Table of Experiments, made by timing gunpowder smoke, by walking bo as to 
keep the flume of an exposed light in a vertical position. and by the use of a Bi rum's anemometer 
respectively, is given with a view of showing the comparative degrees of nccumcy of these different 
modes of measuring currents of air; aud the results are graphically exhibited iu Fig. 140. 

Tadle I. — Experiments made with Ginpowdeu Smoke, Walrino, and ax Anemometer 

(BlRAM’H 6-INCH) IN THE SAME CURRENT OP AlR. 



Gi npowokr Smoke,, 

W ALKrSU. 

Axrmomrtkk. 


Equal DUnwtce*. 

Kqunl Times. 

200 feet. 


True Velocities 







50 fceL 

200 fwU 

20 tecoDd-c 


Revolutions, 

•mli. 

calculated. 

Vm*‘91 U-f-40, 

nearly. 


A D. 

CD. 

EF. 

G H. 


Feet a-mlnute. 

Feet a-mlnute. 

Fort a -minute. 

Feet o-inluute. 

Revolutions. 

Feet a-minnte. 

1 

125 

100 


88 

44 

8:4 

2 

158 

162 



00 

127 

3 

166 


171 

162 

103 

140 

4 

250 

214 

228 


188 

222 

« 

285 




220 

253 

6 

300 

255 

203 

255 

233 

266 

1 7 

853 

807 

307 

307 

203 

324 

8 

461 

413 

428 

413 

407 

435 

0 

545 

500 

502 

600 

482 

507 


Frpt'iwition of Table T. awl Fig. 140. — A B column. In those cx|icrimcnts the time during 
which the |*owdor smoke travelled a distance of 50 foot was observed, and from it the velocity per 
minute calculated ; thus, in the first experiment the time so occupied was ‘24", indicating a velocity 
of 125 feet per minute ; this is the ordinary mode of finding the velocity of air by j>owder smoke. 



It will l>e oltaervod that, owing to tho distance travelled over by Uio smoke being short, tlio 
velocities of the smoke an* in excess of tho true velocities of tho air. 

In column C L>, the distance over which the time of the powder smoke is noted is 200 fi*»t 
instead of 50 feet ; and it will bo observed that the apparent velocities here are less than the truo 
ones, excepting in the two first experiments, whore the contrary result is duo probably to tho 
explosive force of tho gunpowder in a feeble current. 

Column E F.— Experiments made by using “equal times” instead of “equal distances,” and 
varying the distance, so that in each experiment the time of observation was as nearly as possible 
the Kamo. 

Column G H. — Experiments made by walking 200 feet with a lighted candle, and noting 
the time, and calculating velocity per minute therefrom. 

Anemometer columns give the velocity as recorded on tho dial of a Biram’s anemometer. These 
readings require correction by the formula, for this instrument nearly, V = * 97 R + 40, 
where V - the velocity of tho air-current in fia t a-minute ; 

and It = the revolutions of the anemometer, os shown by the index on its dial, in the 
same time. 

These experiments were conducted with the greatest care, in a gallery of a mine specially 
ndapted for the pur|>n«o. by being made perfectly level, and of uniform Motional arm ; during tho 
experiments the velocity was kept as constant as practicable throughout, by keeping the water- 
gauge of that jnui of the mine at a uniform height. Tho observations were taken w ith a largo 
seeouils’ watch, specially adapted to this purpose, aud all experiments were repeated until a correct 
average could In* obtained ; hut even under these circumstances, which in general will not prevail 
for ordinary measurements in mines, great discrejiancies are observable between the results obtained 
by timing smoke over equal distances, ami those obtained either by timing smoke during equal 
times, or over equal distances of different lengths. Doubtless such an emnirierd rule could bo 
found for so regulating the distance to be traversed, the amount of powder to he exploded, and tho 
duration of the experiments, as that with great care nearly accurate results could bo obtained : still 
the difficulty of obtaining galleries fully adapted for the purpose, by their uniformity of sectional 
area, Ac., and the numerous chances of error in observation are so great, that it is most desirable 
that there should be some more ready and accurate mode of ascertaining the velocities of currents 
of air ; anemometers of various constructions have of late been more or less employed for tho 
purpose, ami it is therefore important to ascertain how far the indications of such instruments can 
M relied upon for accuracy. 
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Revoltin') Atiemometern . — The anemometer most generally naed in the coal mines of England i a 
that invented by Benjamin Biram, shown in Figs. 150, 151, 152. It consists of a series of vanes, 


150. ki. 



D. E, Fig. 152, which revolve with the action of the air-current— the number of revolutions, or 
rather numbers proportional to the revolutions, being registered by pointers, P, on the face of a dial 
forming a part of the instrument itself. It 
is made of three sizes, 4, 6, and 12 inches ; is 
very portable ; and is not. with proper care, 
liable to get out of order, especially the 
smaller size. A certain force of current is 
required to overcome the friction, and put 
the instrument into motion. The plate spur- 
wheel C, Fig. 150, as it moves in a horizontal 
plane, relieves the step B, Fig. 150, from 
undue pressure, and thus tends to lessen the 
amount of friction. Some of these instru- 
ments will continue to revolve in a current 
as low as 30 feet a-minute ; but with most of 
them a velocity of nl>out 50 feet is required. x 
Every one who has occasion to use this 
aneniomcUtr should l>e aware that it does 
not register the actual velocity of the air, 
especially in feeble air-currents, nor yet the 
number of revolutions of the wauds, but only 
a number proportional to the hitter ; and 
although it is of great value, as indicating 
an increase or decrease in the velocity from 
time to time, such as the periodical variations 
in any particular current, it is of compara- 
tively little value, nn generally naed, for ascer- 
taining real velocities, such, for instance, as 
occur in changing or splitting air-currents, 
when it is of great importance to know the 
Actual quantities. To obtain with this instrument accurate results, available for all purposes, it is 
necessary, as with Combes’ anemometer, to apply a formula to its recorded revolutions, or rather to 
the number indicated by the index, in order to ascertain tho actual velocity of any current ; each 
particular instrument requiring special experiments to be mnde with it, in order to determine the 
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value of the constants required to l>e employed in the formula. Three constants remain tho same 
for the same instrument, so Ion" as it remains in the same condition, ami are independent of the 
velocities of tho currents of air in which it is employed. However, it is necessary to state that 
those adjustments are carefully made by the principal manufacturer, John Davis, optician, Derby, 
who is n man of considerable mechanical skill. 

In anemometers made like thnt shown in Fig. 152, the mechanism, dial, and pointers are placed 
in the centre. The arrangement does not essentially differ from that shown in Figs. 150, 151. 
X Y is the cylindrical case in which the fan-wheel revolves, supported by the upright l«rs G, H ; 
H, handle by which the instrument is held. 

In Figs. 150, 151, part of the mechanism is contained in a small Ikjx, Z, over the fan-wheel, 
which is thus allowed more play. A, F, are small, delicate axles, upon which arc cut endless screws, 
A, F, which drive small wheels, C, D. 

The registering apparatus is in front of the wheel, and consists of six small circles, marked 
respectively X, 0, M, X M, 0 M, and M, the divisions on which denote units of the denominations 
of the respective circles ; in other words, the X index in one revolution passes over its ten divisions, 
and registers (10 x 10), or 100 feet: the G index, in the same way. 1000 feet; and so on up to 
10 million feet; so that an observer has only to record the position of the several indices, at tho 
first observation (by writing the lowest of the two figures on the respective circles between which 
the index points, in their proper order), and deduct the amount from their position at the second 
observation, to ascertain the velocity of the air which has passed during the interval. This, 
multiplied by the unit in feet of the passage where tho instrument is placed, will show tin* number 
of cubic feet which has passed during the same period. 

To ascertain tho rate at which air is moving, proceed thus:— suppose 100 revolutions = 200 feet 
per minute. 

88] 200 [2*27 miles an hour. 

To obtain the constants of this formula, aa applicable to any particular instrument, it is 
absolutely necessary, in making the experiments, to know correctly the true velocity, as a standard 
of comparison. As before explained, none of the ordinary modes employed for ascertaining the 
real velocities aro reliable; Atkinson and Dagllsh, therefore, had a Whirling Machine constructed, 
the wand of which, in revolving, described a circle of 25 feet in circumference ; the number of its 
revolutions being indicated by a pointer on a dial. 

In the first instance, this Whirling Machine was turned by the hand, but ns this did not give a 
sufficiently uniform velocity, a small drum, and a rope with a descending weight attached to it, 
was employed, to give motion to the machine ; and worked thus it gave extremely accurate results; 
m> far, at least, as regards the uniformity of its own velocity. By fixing the anemometer on the 
end of the wand, tho velocity with which it passes through the air can be ascertained and com- 
pared with the revolutions of the anemometer, as indicate*! ou its dial. Fig. 153 represents this 
machine. 

153 . 



It has been stated by some writers that there is a difference between the force or impulse of air 
moving Upon a body at rest, and the resistance which a body moving through a still atmosphere 
meets with in its (aissage, supposing the velocity to bo the same in each ease; aud besides this, the 
effect of a hotly moving in a circle, in a still atmosphere, may not be the same as when moving in 
a straight line. The experiments of Hutton and others appear, however, to iudicate that the force 
of im|)oct of a wind agninst a stationary body is always proportional to the resistance which a solid, 
moved through a still atmosphere, meets with at tho same velocity. 
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Companion of Governors . — Tho following experiments were made with the Whirling Machine, 
and tho results are given both in a diagram, Fig. 154, and in a tabulated form, Table II. 


184 . 



In this diagram the different bent or crooked lines are drawn through the points found by 
taking the actual velocities of the anemometer through a still atmosphere, and the numbers 
indicated by the pointers of the anemometer as being passed over in the unit of time, as the 
co-ordinates of a line or curve in each series of experiments made at different velocities under 
the same conditions, and with the same anemometer. A sufficient number of tho co-ordinates are 
transferred from Table II. to Fig. 154, hi connect the Table with the Figure. 

The anemometers at tho commencement of the experiments were made to revolve by tho 
Whirling Machine in a circle only 10 feet in circumference ; but as the rate of revolution appeared 
to be somewhat irregidar, a flat board, intended to reguhtto the motion and render it uniform, was 
fixed at the end of the revolving wand opposite to that at which the anemometer was fixed ; and 
the experiments shown by the lines AB,C I), were made, the former with the regulating-hoard 
projecting downwards, and the latter with it projecting upwards, from the revolving wand. 

The discrepancies between these lines are so slight, that the mere position of the regulating-board 
does not npiiear to have any sensible effect ; the changes in the state* of lubrication of the anemo- 
meter, and errors of observation, being sufficient to account for the slight differences that exist. 

The lino E F, in the same diagram, exhibits the results of certain experiments made with tho 
same anemometer in the same sited circle, hut without any flat board or governor on the wand ; 
and as these experiments give results differing considerably from the two lines obtained with the 
governor on the wand, we infer that the governor really produces some effect. 

As, however, all the three lines are sensibly straight, the inference is that the effect does not 
arise from any greater uniformity in the rate of motion with, than exists without, the hoard ; 
because so long os the lines are straight, it follows that an average speed, however irregular, 
would, on the whole, give the same general results as a uniform speed equal to such average; 
and hence we infer that tho governor only produces an effect that is disadvantageous, arising 
probably from disturbing the stillness of the atmosphere in which tho experiments are conducted. 


Digitized by Google 




ANEMOMETER. 77 

On these considerations wo are led to reject tho experiments made with the governors, end, so fnr, 
adopt those shown hy the line K F. in which no governor was used. 

This view wns jiartly continued on using a longer wand, and causing the anemometers to revolve 
in a circle 25 feet in circumference, in lieu of one of only 10 feet in circumference ; as, under these 
circumstances, the irregularity of the rate of revolution is much less apparent. 

The results of the exiieriuients give a straight line in the diagram, and lead to a formula of tho 
form of V = m It + d, tne some as arrived at by M. Combes, where V = velocity of air; it =r 
revolutions of anemometer, or rather the numbers indicated by its index, in tho unit of time; and 
m and a, constants, suited to the friction of tho anemometer, the form of the vanes, and tho density 
of the air. 

Tabus II. — Experiments made with a C-incti Biram’s Anemometer to ascertain the refect 
op PLAcmo a Board or thr rrd op tbr Ward ok tub Whdujro Maghimb, to act as a 
Governor, the Circle described by the Wand bkino 25 feet in circumference. 


Without tub Gov Kioto* ok Boakd. 
L»k K F. 

Board UrwAKML 
b» A R. 

Board Dowkwakds. 
Like C D. 

8 

a 

i 

o 

£ 

Vstocmr. 

Kkuoh. 

Vuocm. 

Kbmob. 

Vbldcttt. 

IBSOR. 
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1*1 
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I 
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1 
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Si* 

f: s 

0 gas 
£•1$ 
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► 
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Si 

Ij 

ill 

i^a 

sc 

!> 

3. 

r 

◄ 
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VA* 
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> 

More. 
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ni 

ii 
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i" 
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1 II 

s> 

8 g- 
►.§ + 

3bS 
*< «° • 
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More. 
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1 

25 
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43 

85 




50 

99 



2 

42 

81 

81 



49 

89 




05 

104 



3 

96 

133 


.. 


50 

89 




71 

108 

109 

i 

4 

!*7 

133 




53 

92 




72 

113 




5 

98 

133 




53 

92 




72 

112 




0 

104 

141 




95 

129 




75 

100 




7 

120 

158 

137 


i 

97 

131 




75 

100 




8 

120 

164 




97 

131 

130 


1 

107 

142 




!) 

142 

173 




98 

131 




1117 

142 




10 

149 

183 




98 

133 




107 

142 




11 

173 

205 

208 

3 


127 

156 




108 

142 

142 



12 

175 

207 




128 

156 




150 

180 




13 

214 

250 




131 

158 

100 

2 


152 

181 




14 

223 

258 




132 

158 




153 

183 




15 

233 

207 




137 

108 




153 

183 




10 

242 

272 




137 

108 

187 


i 

195 

225 




17 

270 

300 




137 

108 




196 

223 




18 

293 

325 




140 

171 




198 

225 




19 

302 

333 

3113 



140 

171 




198 

225 

225 



20 






141 

172 




199 

223 




21 






158 

183 




223 

248 




22 






208 

233 




223 

248 




23 






210 

233 




252 

207 




24 






211 

235 




253 

273 




25 






211 

235 




250 

273 

275 

2 
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200 









27 
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28 
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200 









29 
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31 






240 
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35 






252 
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37 






270 
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.. 
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307 
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The experiment!* represented l»y the lino E F in the diagram arc fairly represented by the 
formula V = 1MJK5 R + 40 5. 

The rejected line A I), in this diagram represents experiments made with an anemometer 
revolving in a horizontal circle 25 fret in circumference, through a still atmosphere, with a govemor- 
lioanl 2 feet in area fixed upwards, at the contrary end of the wand to that on which the anemo- 
meter was fixed, and give rise to a similar formula, namely, V = -9197 R 4- 40*5. 

While the rejected line C D. represents experiments made under similar conditions with the 
same onemometer, excepting that tho governor in this case was turned downward, and give V='9R 
-f 45-3 : so that, on the whole, the use of the governor appears to increase the numbers indicated 
by the index of the anemometer, excepting, perhaps, at very low velocities. 



The experiments from which this diagram was constructed arc as follows : — 

Table IV. — Experiments made with the three sizes or Biram’s Anemometers to ascertain 
the Constants m and « in the formula V = mB + a for each Instrument, the true 
Velocities being ascertained bv passing the Anemometers through a still Atmosphere 
at known Velocities bv the Whirling Machine, in a Circle op 25 feet in circumference. 



Comparison of AntmomcUr*. — Fig. 155 exhibits graphically the results of experiments made with 
three Bimm’s anemometers of the different sizes, on the Whirling Machine, in a circle of 25 feet in 
circumference, without any governor. We observe that, for the 4-inch and «»-inch anemometers, tho 
lines are sensibly straight, and the formula conseouently simple, and of the form previously indi- 
cated. With the 12-inch anemometer, however, the line is curved, and the formula complicated, 
and troublesome in consequence ; and, although the friction of this large anemometer is somewhat 
greater than that of the smaller ones, the difference in this respect is trifling : even the large 
instrument would apparently be kept in motion by a velocity of fi4 feet per minute, or little more 
than 1 foot per second ; ami as friction must be allowed for in all cases, its amount is of no great 
iiM|H.rlancc, within moderate limits. It is not very easy to account for the curvature of the lino 
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given by the largo instrument, when not olwerved in the smaller ones ; it may, however, arise from 
one of two causes, or possibly j»ortly from both. The largo instrument is moved sensibly quicker 
in the circle of revolution at its outer than at its inner extremity, while this difference of velocity 
iu the two sides of the anemometer is less palpable in the smaller ones ; and this difference may 
tend to cause all the instruments to depart from the straight line, but, from being less in amount 
with small instruments, may not be observable within the velocities attained in the experiments : 
or, apart from this cause, all such anemometers may give curved lines when plotted in this way, but 
perhaps quicker curves in large tlknn small instruments: considerations as to strength, portability, 
comparative freedom from liability to derangement, and original cost, all appear to bo favourable 
to the use of the 6-inch or 4-innh Hi ruin anemometer, in preference to the 12-inch ones. 

The constant multiplier, rn, in these formula} — which depends to somo extent, for its amount, 
upon the spur-gear, and the arbitrary marks and numbers on the dial— is greatest on the 6-inch, and 
least in the 12-inch anemometer; while in the smallest, or 4-inch, it is intermediate; proving that 
it does not necessarily follow the size of the instrument, but really depend* partly upon tliu condi- 
tions just mentioned. 



Second Set or Experiments, made with a Biram’s 12-inoi Anemometer, with Whirling 
Machine, 25-pkkt Circle, Fig. 156, made to corroborate Experiments, Fig. 155. 


A B (New Skkieb). 

C D. 

No. of 
Kxperi- 
tncoL 


Veiocitt. 

Raw. 

VEiocrrr. 

Knnoa. 

Number 
Indicated by 
Index of 
Anemometer 

= R 

Acttuil 
Velocity 
= V ‘ 

Velocity cal- 
culated bjr 
formula V — 
S766 R + 
•0001423 K2 
+ 35-65. 

More. 

bCSS. 

Number 
i lid i rated by 
Index of 
Anemometer 
= It. 

P 

Actual 

Velocity 

= V. 

Velocity cal- 
culated by 
formula V = 
•69 R + 
000477 R2 
+ 63-16. 

More. 

Isum. 

1 

64 

!*i 




19 

79 

78 


1 

2 

77 

104 




46 

96 




3 

88 

114 

114 



55 

102 




4 

93 

118 




67 

108 




5 

94 

121 




93 

137 


„ 


6 

95 

123 




117 

158 



.. 

7 

no 

131 




119 

158 


.. 


8 

134 

lot! 




151 

183 


.. 


9 

136 

158 




186 

208 




10 

143 

167 




185 

208 




11 

113 

167 




215 

236 

.. 



12 

150 

167 

170 

3 


257 

276 




13 

161 

185 




267 

283 




14 

170 

15*2 




268 

283 




15 

173 

192 




288 

300 




16 

175 

192 




305 

317 

318 

1 


17 

216 

233 




313 

325 




18 

227 

242 




313 

325 




19 

244 

258 




327 

342 




20 

262 

275 




333 

350 




21 

269 

283 




345 

358 




22 

272 

283 




378 

392 

392 



23 

293 

308 




382 

392 




24 

295 

308 









25 

348 

358 








.. 

26 

357 

367 








,, 

27 

399 

408 









28 

403 

417 





„ 




29 

405 

417 









30 

410 

417 

417 








31 

424 

433 





.. 




32 

448 

458 





.. 




33 

224 

250 









34 

316 

358 









35 

362 

375 


•• 








Comparison of Anrmomctrrs.— Fig. 156. In consequence of the sensible difference in the formula 
required for the 12-inch, and for the 6-inch and 4-inch anemometers, as exhibited in Fig. 155, 
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Another set of experiments were mwlo to prove whether thin wni owing to the construction of the 
larger instrument, or to some error in observation in the previous exj>erimeut*. The results are 
given in Fig. 156. 

Iu this diagram two sets of experiments, made with the same 12-inch Anemometer, at different 
times, by the Whirling Machine, with a circle 25 feet in diameter, are compared with each other. 

The line C D is the same os the line E F of Fig. 155, and is a curve, as has been already stated ; 
the line A B is aIho a curve, but approaches rather more nearly to a straight line, the friction 
being at the same time much smaller tlian in the same instrument tried in the experiments shown 
by Fig. 155; ho that the friction does not appear to depend so much upon the size as upon the 
condition of the instrument. This result agrees with those* obtained in other experiments with the 
4-inch anemometer (page 78), which latter clearly prove that the friction does not vary much if the 
instrument itself remains unaltered; but from the construction of the larger instruments, and 
from the nature of the material of which their VftMf are formed, they are extremely liable to 
become disarranged, and altered in form ; in fact, it is most difficult to avoid putting them out of 
form when using them, and it is extremely probable that the alteration in the additive constant is 
due to this cause. 

This view is corroborate! by Fig. 162, in which it will 1 k» observed that the constant for one of 
the 4-inch anemometers is altered in consequence of its falling off the wand and becoming deranged, 
although no alteration in the instrument was observable from tho accident. Fig. 163 also eluci- 
dates this. 

Both tho lines deduced from tho experiments made with tho 12-inch or largo anemometers are, 
it will be seen, curves, and require complicated formulas; while it is somewhat doubtful as to 
whether the departure from a straight line is due to the circular motion caused by the revolving 
wand of the Whirling Machine, or is inherent in the nature of the instruments themselves, in which 
latter case only would it arise on employing tho instrument for measuring currents of air in tho 



Experiments made with a 6-ixch Biram’s Anemometer to ascertain the effect op revolving 

IN ClUCl.ES OF DIFFEUENT DIAMETERS, WITH A GOVERNOR OR lioARD FIXED DOWNWARD ON THE 

Wand of the Whirling Machine, Fig. 157. 


No. of 
Kxperi- 

IUfllt. 

Loot C I>, 26 -rEET Circle. (C D, 184.) 

Lime A B, IO-eket Circle. 

Number 
indicated by 
Index of 
ftnimnuff 
= R. 

Actual 

Velocities 

Velocity 

Eunoit. 

Number 

Actual 
Velocities 
= V. 

Velocity 
calculated by 
formal* V = 
•7876 It + 
36 3. 

Ksxw'k. 

calculated by 
formula V = 
•9 R- + 48*3. 

More. 

Lna. 
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= R- 

More. 

I ssa. 
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99 
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14 
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15 

195 
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.. 



16 
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223 
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17 

198 


224 


1 

115 

132 




18 

198 

225 




128 

145 




19 
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225 
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145 




20 

223 

248 




139 
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21 

223 ' 

248 




141 

155 

154 


1 

22 

252 

267 

268 

1 







23 

253 

273 




. . 





24 

256 

273 

•• 









Comparison of Circles. — Fig. 157 shows the effect of causing an anemometer to revolve in a 10-feet 
as compared with a 25-feet circle, on the Whirling Machine, with a governor fixed downward* in 
both cases ; the line C D is the same as the line CJ D in Fig. 154, and is for the 25-feet circle. Oil 
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taking the circle at 10 feet, the constant additive for friction remains unaltered, but tho instrument 
itself revolves quicker tlian in the larger circle for equal velocities, so that the constant multiplier 
is reduced. 

The anemometer was the same 6-inch Hiram in each case. 

Comparison of Circles, Fig. 158, to corroborate Experiments , Fig. 157. — This series of experiments, 
like those of Fig. 157, give a comparison of the effect of causing anemometers to revolve in circles 



of different sizes, with a 12-inch in lien of a 6-inch anemometer, and without governors. Here, 
Again, the instrument revolves quicker, for a given velocity through the air, in a 10-feet than in a 
25-feet circle, showing that the result is not accidental, but has a cause, depending for its amount 
upon the size of the circle; and this fact renders it probable, that if the circles were indefinitely 
large, or, what is equivalent, if the anemometers were moved in a straight line through a still 
atmosphere, the numlK rs indicated by the index of the instrument would Is 1 somewhat less than 
those obtained in a 25-lect circle; the difference, however, would iu all probability be small. 


Exmonirn, Fio. 158, made with a 12-ecch Biram's Anemometer, by the Whirling 
Machine, with a 25-feet and a 10-fkkt Circle, without Governor-boards. 


Link C P I>. lo-rsrr Cntcuc. 


No. of 
Experi- 
ment. 

Number 


Velocity 
calculated by 
formula V — 
76 li + 

• 000X9 RS 
■+ 47*2. 

Eason. 

Number 
indicated b\ 
Index of 
Anemometer 
= It. 

Aetna! 
Velocity 
= V. 

Velocity 
mlculated by 
formula V ac 

«• R + 

OOOI77 It* 
+ C3*lt 

Kit BOX. 

indicated by 
Index of 
Anemometer 
= IL 

Actual 
Velocities 
= V. 

More. 

I«s. 

More. 

less. 

1 

- 31 

74 




19 

79 

78 

.. 

1 

2 

39 

77 


.. 


46 

96 




3 

64 

100 




oo 

102 


.. 


4 

69 

103 




67 

108 


•- 


5 

72 

107 


.. 


93 

137 




6 

73 

109 




117 

158 




7 

83 

113 




119 

158 




8 

86 

117 


.. 


151 

183 




0 

93 



.. 


186 

208 




10 

97 

126 




185 

208 




11 

132 

155 




215 

236 




12 

133 

154 




257 

276 




13 

151 

170 




267 

283 




14 

152 

170 




268 

28.3 




15 

191 

210 




288 

800 



.. 

16 

192 

210 




305 

317 

318 | 

1 


17 

234 

245 




313 

825 




18 

2.35 

245 




313 

325 




19 

265 

275 




327 

342 

.. 



20 

270 

280 




333 

350 




21 

311 

320 




345 

358 




22 

316 

325 




378 

392 

892 



23 

367 

375 




382 

392 




24 

374 

880 






•• 


.. 


Comparison of Anemometers . — Lines formed by Fx peri merits made trith Combes* Anemometer , Fig. 150. 
— In the various experiments that have been made with these instruments on the Continent, it has 
been found that the excess of the actual wind velocities, over the particular wind velocities which 
are required to overcome their fractional resistance, is simply proportional to the number of revolu- 
tions performed by them in the unit of time; or, what is the same, to the numbers indicated by the 
pointers, giving rise to an expression of the form of V = m K -f a, by means of which the velocity 
of the wind V can be found when we know tho number of revolutions, R, of the instrument in tho 
unit of time, a and m being constants for the same instrument, whatever l»e the velocity V, or revo- 
lutions R. 

The above expression is the equation to a straight line. The constants a and m can be deter- 
mined for any instrument by means of two experimental trials of the number of revolutions 
corresponding to different ascertained wind velocities; thus, if V and R are the velocity and 
corresponding nuntber of revolutions or indications given by the pointers in the unit of time in on© 
of such trials, and and R’ the same respectively on tho other trial, then V = m B -f a, and V 
, , V - V' _ V'R-VR* 

= m R + a, from whence m — and a = ^ _ — . 
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The irregularities in the line made by this instrument are, doubtless, roused by errors in obser- 
vation, and derangement of the pointers, as it is lunch more difficult to read off than Hiram's 
instrument, under the peculiar circumstances of revolving on a wand in a circle; but these irregu- 
larities would probably not exist when using the instrument in the ordinary way for measuring a 
current of air. The line for tin* Hiram's anemometer is more uniform, because it can be rend off 
with more ease and accuracy in this kind of experiment. 


Table of Experiments with Combes and Robinson’s Anemometers, compared with Biram’s 
Anemometer, on Whirlino Machine, 25-feet Circle, Fig. 159. 


■J 

- 

i 

i 

* 

o 

o* 

/ 

Comb**' Lnnc, C I). 

Rows "os’s Axkmomftol 

Loot E F. 

Bnuv’e 6-rx. (Mine uEE, ISO). 

VRLormr. 

Krbok. 

VSLOOtTT. 

Kuos. 

VnocJTt. 

Euoa. 

14 

%-A 
"as 
13 1 
g&g 

>5 

1 . 

5 " 

< 

5.!! 

If: 

p 

More. 


14 

8*<~i 

J*n 

|S 

Ml 

1*1 

E 

l 

1 

I" 

o 

< 

1 

!i 

sin 

li* 

r 

> 

More. 

Lett. 

14 

c'o || 

13 S 
S*l 

E 

I 

is 

5 

3«s 

•g 1 + 

ils 

1*1 

> 

1 8 
i«ii 

<i«a 

lt-s 

£ ? 

Mora. 

Leas. 


201 

225 

226 



67 

149 




61 

125 






213 

233 




327 

368 




67 

125 

124 

124 


1 


317 

308 


.. 


542 

587 




140 

187 






321 

317 




777 

798 




145 

200 






325 

325 









187 

225 






832 

325 









190 

237 






336 

858 









197 

237 






433 

408 









200 

250 






359 

342 









200 

250 






369 

358 









215 

250 






433 

392 









235 

275 






448 

408 









287 

337 






480 

442 









29*2 

337 






491 

433 










412 






529 

458 

460 

2 








412 






529 

167 









418 

450 






552 

475 









422 

450 






613 

533 









442 

487 






616 

533 









452 

487 






618 

542 









477 

512 






618 

533 









482 

512 






641 

550 









485 

512 






690 

583 









577 

600 






722 

608 









592 

612 






752 

625 









605 

625 






756 

633 









617 

63 7 






740 

617 









685 

712 






797 

650 









690 

712 






811 

675 

678 

3 







750 

775 
















775 

800 
















785 

812 
















785 

812 

811 

8111 


i 


Moving A nemomelera in a Straight Line through a Stitt Atmosphere , Fig. 100. — This figure exhibits 
the results of different seta of ex|>criments made with a 6-inch and 4-inch Biram’s anemometer, by 
a person walking in the still atmosphere of a largo granary, and carrying the instrument in his 
hand ; and another set (for the purpose of comparison with those made tut aliove) by the Whirling 
Machine, in a 25-feet circle, without governors on the revolving-wand. The results obtained in 
these experiments appear to be both remarkable and ini|>nrtant, inasmuch as they indicate that 
the formulas deduced from the walking experiments do not agree, even within moderate limits, with 
those obtained by the use of the Whirling Machine; and it becomes a question as to whether the 
results of either mode an? reliable, and if either, as to which mode is so. 

All the lines in this diagram are more or less curved. The line E, E, relating to the revolving 
experiments is, however, less curved than the other lines relating to the experiments made by 
walking in a straight line, and carrying the instrument through a still atmosphere. The line E, K, 
indeed, may Iw regarded as being nearly straight. Of the more recent experiments, the line D, D, 
may be taken as approaching the straight line ; also the lino C, C, up to o, where it rapidly falls 
off. This is probaoly owing to errors at the high velocities. 

The line A. A, obtained by walking in a straight line, is mnch more curved than the line, E, E, 
of the 25-foot circle, — the multiplier, m, of the numbers indicated by the index of the anemometer 
being much smaller, and the multiplier of the square of the numbers indicated by the index of the 
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anemometer being very much larger in the experiments made by walking in a straight line than in 
the revolving experiments. It appears to be anomalous that the lines relating to experiments in a 
10-feet circle should be more curved than those relating to experiments in a 23-feet circle, on 
the one hand ; while the line relating to experiments made in u straight line should, on the other 
hand, l>e more curved than either. 

Future experiments may jxmsibly throw some light upon this apparent anomaly. 

It is stated in Weisbach's ‘Mechanics,’ that from the experiments of Du liuat and those of 
Thilxiult, it would appear that the forces of still air against a tint surface, moved at different velo- 
cities through it in a straight line, arc proportional to the force* of impact of winds of the same 
velocities, hut less than them in the ratio of 1*4 to 1 *83 ; so that if V r be the velocity of the wind, anti 
V m that of the body, in the two cases, then when the velocities ore such as to make the resistance 
in the one case equal to the force of impact in the other, we have I ’85V? = 1*4 V»i and hence 


1 V* = 0*87 V w » from which we see that the velocity of wind only appears to require 

to be O’ 87 of that of a body moved through still air in a straight line, to give rise to the same force 
ngainst the body ; and hence it may he that the velocities calculated from our formulas, deduced 
from the w*ulking or Whirling Machine experiments, would require, when the anemometer is 
employed in the ordinary way for measuring a current of air, to be multiplied by O' 87, to give 
the true velocity of the wind; hut on this point Atkinson and Daglish entertain very grave doubts, 
us such results do not npjiear, a prion', to ho probable, and the subject is ouc iu which mistakes 
ore very liable to occur. 

In like manner, when a flat surface is moved against a still atmosphere in a circle, the experi- 
ments of Hutton, Bordu, and Thibault appear to indicate that at. a given velocity the force or 
resistance is only about 1’5, compared with a force- of 1*85 for the same velocity when the flat sur- 
face is at rest, and the air moves, ns a wind, against it : so that if V 0 lie the velocity of n flat surface 
moving in a circle, and V, the velocity of a wind giving rise to the same force, then, in eider that 
the force in the one case may be equal to the resistance in the other, we have the velocities such 

that 1 '85 V* = 1 '5 V* , from whence V r = \/ V* = *9 V 0 , from which it would appear that 

the velocities of wind, ns deduced from the formulas found by the exjieriments mode with the 
Whirling Machine, should be reduced by multiplying them by *9 in Older to get the actual 
velocities of the wind. There is, however, said to be more grave doubts still ns to the correctness 
of this conclusion, nnd for the present it is preferred to leave it out of the formulae given. 

The discrepancy between the line E, E, in Fig. 160,} representing Vo, and the lines B, B, A. A, 
representing V*,, are much greater than the differences Just alluded to would appear to indicate, 
and hence there is reason to supjioKe that the data are not reliable ; indeed, it may be seen that 
Weisbach, in adopting 1 '85, 1*4, and 1 *5 as multipliers of the motive column to give the force or 
resistance- due to a wimj, to moving a flat surface in a straight line through still air, and tlu-n in a 
circle, respectively, makes no distinction between a large and a small circle ; while a glance at 
Fig. 158 appears to show that tire size of the circle 1ms considerable influence upon the amount of 
the resistance the body meets with in its revolutions through still air at any velocity. 

It should, however, also bo stated that the discrepancies between the line E, K, on the one hand, 
and the lines IJ, B, A, A, nnd other lines on the other hand, in Fig. ICO, chiefly prevail at the higher 
velocities, and probably arise from the errors of observation, owing to the experimenter having to 
run at considerable speeds ; the jolting motion arising from this, nnd the disturbance of the air by 
bis body, must be considerable. The formula for the lines 1), D, C, C, is obtained only up to a velo- 
city of 500 feet per minute, up to which point the diagram exhibits a straight line, conforming very 
closely with that given by the Whirling Machine. 

The height of a column of a fluid, A, in feet, required to generate a velocity of Vi in feet per 

Y* v« 

eecond, opart from friction, is expressed by A, = , when g = 32^, giving A, = or, where 

yt 

h t is the height of the column due to V f , the velocity in feet per minute, this becomes A, = 2 31000 ' 
and from the exjieriments of the authors just mentioned, it would appear that the imjwct of a 
fluid in motion would support a vertienl column of the height /* in feet, expressed by /, = 
1 " 85 V* 3 * 85 V* *V^ y* 

23 j gyjp = — i ;4 r~' : nr A = 25*1 89 = 34^77 ^‘ e Acceleration.) While if the fluid is at 

rest, ami the body (having in each case a flut surface) is moved in a straight line, the resistance 

fm in height in feet of a column of the fluid would only amount to /„ = ^ 0 r 

V* V* 

f m = 105 429 “ 45’952’ or ^ ^ wcre move ^ ' n a the resistance would eupport a 

231.000 \ 154,400 42*889 

The experiments shown in Fig. 161 were mode for the purpose of observing whether the action 
of Biram’s anemometer varied much with the condition of the instrument, that is, whether the some 
formula and constants were required for the same instrument when properly cleaned and oiled, and 
again, after being much used ami in a dirty condition ; and it is certainly satisfactory to find, as 
will be observed iu Fig. 101, that the action of the same instrument is very little altered through 
these varied condition*. 

The line A, A, on this diagram shows the velocity found by correcting the readings of the 


column of the fluid /„ feet in height found by f 9 = g 
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anemometer by the formula (for this particular instrument), V = 1 '017 R + 30 ; and it will be 
remarked bow very close the line approximates to the true velocity of tlio instrument {wasing 
through the air, as found by the Whirling Machine. 

Experiments, Fig. 161, made with a 6-inch Hi ham's Anemometer, in* clean and dirty 

CONDITIONS RESPECTIVELY, ON THE WhIRLINO MACHINE, IN A 25-FEET CIRCLE. 


No. or 
Experi- 
ment 

Lots B li — lx»TKC*Kxr Cleak. 

Like 0 C.— Inntnifjrr Dibit. 

Number 
Indicated by 
Index of 
Anemometer 

=*. 

Actual 

Velocity 

=v 

Velocity 
calculated 
by IbnnnU 
V = 1017 
K + 30. 

Ekieob. 

Number 
Indicated 
by Index 
of Anemo- 
meter = R. 

Actual 

Velocity 

~ 

Ytiodtj 
calculaU-d 
by formula 
V = R + s». 

Ebuo*. 

More. 

Lem 

More. 

I<*aa- 

1 

93 

125 

125 



62 

100 




2 

120 

150 

152 

2 


80 

119 




3 

133 

162 

165 

3 


100 

137 




4 

412 

450 

449 


1 

365 

400 




5 

412 

450 

449 


1 

895 

427 




6 

422 

450 

459 

9 


425 

462 




7 

427 

462 

464 

2 


585 

625 




H 

532 

625 

622 


3 

585 

625 




9 

585 

025 

625 

„ 







10 

592 

637 

632 

M 

5 





" 


Experiments, Fig. 162, made with several Anemometers (Biram’s) on Whirling Machine, 
in 25-keet Circle, to find Constants m and a. 


j 

'o 

6 

JR 

Lute E E F.— 4-m. Bibam. 

Luc C D. — l-rx. Bibam. 

Lise i 1 

— 4-fX. Hiram. 


u- 

1 ° II 

ill 

1*1 

SC 

p 

< 

i 

el 

1|n 

1* 

Ekroil 

li 

1!!! 

42 

ill 

i*l 

E 

!? 

3 

>> 

i" 

< 

i 

U 

n 

V 

> 

Eebob. 

j-irf 
So II 

M 4. 

1-1 

1*8 

X 

K 

| _ 

V 

< 

jin 

►/2S* 

1* 

s 

Kb soil. 

Mon 1 , 

Lew. 

Mote. 

Lea*. 

More. 

Lew. 

1 

205 

250 




187 

237 



.. 

77 

131 




2 

210 

262 




200 

250 




82 

137 




3 

215 

262 


.. 


255 

3O0 




182 

225 




4 

340 

387 




337 

387 




200 

237 




5 

345 

387 




340 

3K7 




230 

262 




6 

800 

400 




350 

400 




242 

275 




7 

405 

462 




477 

537 




312 

850 




8 

412 

475 




480 

537 




320 

362 




9 

437 

500 




490 

550 




375 

412 




10 

440 

500 









460 

500 




J1 

-i« 










487 

525 




12 

•• 

•• 




•• 



" 

" 


550 





Lists D D I), 160.— 4-ix. Bikam. 

I.IXB K K L, 1«X — le«. Bie am. 

Limb A B. 169.— 6- ix. Bib am. 

1 

77 

118 




76 

125 




87 

125 




2 

112 

150 




107 

150 




102 

137 




3 

152 

187 




110 

156 

• • 



112 

150 




4 

342 

387 




335 

875 




*295 





5 

357 

400 




872 

412 




337 





6 

377 

412 




385 

425 




342 





7 

377 

412 





.. 




440 

487 




8 

400 

500 




492 

637 




K 

500 




9 

500 

537 




497 

537 




452 

500 




10 

520 

562 




507 

550 




557 

612 




11 


•• 





•• 




(HO 






Fig. 162 exhibits a series of lines formed by various 4 and 6 inch Bimra’s anemometers, with 
which experiments have been tried. It will bo observed that, although the general tendency of 
the lines formed by the different anemometers is in the same direction, thus giving one general 
form of formula applicable to oil of them ; still each anemometer has a decided line of its own, 
requiring that special constants, found by direct experiment, should be applied to each instrument. 
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In making one of the experiments, the anemometer fell off the wand of the Whirling Machine (the 
line E F), and although it nutlioed no apparent damage, still the line made by this instrument 
was altered at and from this point. The instrument was apparently not damaged, but the 
constants required for the correction of its readings were altered, owing possibly to some alteration 
in the form of the vanes; showing that although, as previously explained. Fig. 161, the fact of 
the instrument being in a clean or dirty condition does not seriously affect its readings, still any 
sudden shock, or other violent treatment tending to vary the form of the vanes, or otherwise alter 
the mechanical condition of the instrument, would do so. 

But even in this case the discrepancy caused by the fall seems to l»e much leas in amount than 
the inaccuracy of the original readings ; and the application of the formula, as first found, would 
still render the readings much more correct than if they were used in their uncorrected state. 

Atkinson and Daglish made exjs riim iits for the purpose of olsw rving the coni|sirutive rates of 
revolution of the same Birtirn’s anemometer, when passed through a still atmosphere, by the 
Whirling Machine, in the first instance with its back, and again with its face towards the direction 
of its motion ; the former being the ordinary mode of operating. 

As there were considerable differences in the results given by these experiments, evidently 
depr-ndiug upon whether the front or the back of the instrument received the impulse of the air, so 
that when plotted to form a diagram the lines appeared considerably u|>art from each other, 
showing that the same formula could not apply to the instrument under the variation of conditions 
involved in the ex i**ri meets, another series of similar experiments was made, further to test the 
truth of the conclusion indicated by the former series. The results of these experiments only 
served to confirm the former ones. 

The two lines F. F, A B. Fig. injure formed from experiments registered in the following 
Table ; and the two lines G H, 0 D, from these exj»eriinents ; the line G H, in each cose being 
that given when the l>ock of the anemometer received the impulse of the curreut, os is correct in 
practice. 


Experisients, Fin. 163, made with a 4-inch Biram’s Anemometer on the Whirling Machine, 
in a 25-fket Circle, to ascertain the difference between the Anemometer going the 
Back to Current and Face to Current. 



Ltn F F.- 

Ankmonktk* going Back to Cumumt. 

Link A B.- 

-AsMioumiB going Face to Ccment. 

No. of 
Experi- 
ment. 

Number 
indicated by 
Index of 
Anemometer 

= K. 

Actual 
Velocity 
= V. 

v.iod„ oa-l 

Number 

Actual 
Velocity 
— V. 

Velocity cal- 

Euoit. 

culaied by | 
formal* V= , u „„ 
l-0IB+.l.| 

Lew. 

Index ol 
Anemometer 
= K. 

culaied by 
formula V= 
•M2 K-f 41. 

More. 

Less. 

1 

172 

212 

214 1 .. 


157 

187 

187 



2 

182 

225 



192 

218 




3 

315 

362 



210 

268 




4 

.117 

362 

3*11 

1 

290 

812 




5 

405 

450 

1 


307 

325 

326 

] 


G 

417 

462 

462 


832 

350 









425 

437 









450 

462 






•• 

.. | .. 


450 

462 

4tio 


2 


Lore Q H- 

-AxniOMcni going Back to CciutKNr. 

Ijxk C D.- 

AXKMOM KTCIt GOING FaCK TO CCUIKXT. 

No. of 
Ex|»tI- 
iiunt- 

Number 
indicated by 
Index of 
Anemometer 

= R. 

Acftinl 

Vebvity 

V.locilj clJ E,Kt 

Number 

Actual 
Velocity 
= V. 

Velocity cal- 

Kanos. 

culnted by 
formula V= v . 

•tw K + «l.| Morr ’ 

Ism. 

index or' 
A neon ■meter 

minted by 
formula V = 
032 H + 41. 

More. 

I.TM. 

1 

60 

106 

.. i .. 


112 

144 

145 

1 


2 

65 

109 



117 

150 




3 

122 

162 

161 


256 

275 




4 

135 

172 

.. 


297 

312 




5 

213 

250 



390 

400 




♦1 

230 

262 

.. 


440 

450 




7 

317 

350 



467 

475 

475 



8 

867 

400 

.. 







9 

442 

475 

474 








These results prove that the additive constant remains the same in the same instrument when 
used either side foremost, but that, on the other hand, the amount of the necessory multiplicative 
constant depends upon the form of the wands receiving the impulse of the wind', as had been 
anticipated and mentioned in the remarks upon Figs. Ill), 162. 

In general principles the anemometers of Whewell and Osier are similar to those of Combes 
and Biram, but by additional apjsiratus the two former are made self-registering, both in reference 
to the force and direction of the wind ; this, of course, adds to the friction of the instrument, and 
they are not, therefore, adapted for ascertaining the velocities of feeble currents. 
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The anemometer «»F I)r. Rohiiutmi is constructed on the ntwumption that the force of impact of 
the air aguiiwt hollow hemispherical cupa is twice as great on the concave as on the convex side 
of the cups, and that the vanes revolve at the rate of one-third of the velocity of the current, 
except iu so far as the velocity of revolution is modi tied by friction. 

The mechanism of this instrument is very strong, ami allows of the revolutions being recorded 
throughout a whole day ; it would, therefore, be a very suitable anemometer to have near a 
furnace, or in the principal intake or return from a mine. 

Pressnrt Anemometers . — Perhaps amongst the best known of the pressure anemometers are 
M. Bongui's. I)r. Lind’s, that of Helmut, described by Ponson, and Dickinson’s, one of Her Majesty’s 
Inspectors of Mine's. The anemometer of Bongni consists of nn apparatus like a spring-balance, 
fuminkiil with a float-board or plain surface of given area, and the pressure or impulse is indicated 
by marks on the sliding-rod of the spring; it is figured and described in the 4 Edinburgh Encyclo- 
paedia.* 

The anemometer of Dr. Lind resembles the photometer of Pitot ; it determines the velocity of 
the wind by its action on a small quantity of water in a U-ahaped tube. As the same instrument 
is much used in coal mines as a water-gauge for indicating the difference of pressure between the 
downcast and upcast air-column, it will not 1 m- at all necessary to give a detailed description of it. 
From numerous ex|>erimenta, Dr. Lind considered that the pressure of the wind in direct impulse 
is nearly proportional to the square of its velocity. The following Table is calculated from this, 
but considerably enlarged by other experiments. 


Table of the Force and Velocity of Different Winds for the Gradvation of Anemometers. 

(‘ Edinburgh Encyclopaedia.') 


Height of the 
column of 
water In 
Dr. Ijnd’s 
Anemometer. 

Forre on a 
mj. foot, 
in pounds 
avdniu- 
pula. 

Force on a 
?q. foot, 

in pounds, ounces, 
and dram» 
avoirdupois. 

Feet in 
«»•! second. 

Mika in 
one hour. 

Feet in 
one second. 

Mih in 
on*: hour. 

Character of the Wind*. 

Computed from 
Euuae'a Experiment*. 

Computed from 
|tr. Hutton's 
Experiments. 



lhs. or 








0*0009515 

0 005 

0 

0 

1*280 

1*48 

i 

1*63 

Ill 

Hardly jierceptible . . . . 

Bouse, 

00038060 

0 020 

0 

0 

5*120 

2*93 

2 

8*26 

2 * 22 

Just perceptible .. .. 

Rouse. 

0*0083732 

0 041 

0 

0 

11*264 

4*40 

3 

4 81 

3*30 



00133210 

0*079 

0 

1 

4*224 

5-87 

4 

6*52 

4 44 

Gentle winds 

Rouse. 

0*023 

0*123 

0 

1 

15*488 

7*33 

5 

8' 09 

5*51 



0*025 

0*130 

0 

2 

1*280 

7*55 

514 

8*33 

5-67 

A gentle wind 

laud. 

0 050 

0*260 

0 

4 

2*560 

10*67 

7 77 

11*77 

8*00 

Pir-a&ant wind 

Lind. 

0*092 

0*492 

0 

7 

13 952 

14-67 

10*00 

16*16 

11*01 

Pleasant brisk gal-. . 

Rouse. 

0*10 

0*521 

0 

8 

5*378 

15*19 

10*35 

16*66 

11*35 

Fresh brn-xe 

Lind. 

Oil 

1107 

1 

1 

11*892 

22*00 

15*00 

24*30 

16*57 

Brisk gale 

Rouse. 

0*368 

1*968 

1 

15 

7*808 

29*34 

20*00 

82*39 

22*00 

Very bflsk 

Rouse. 

0*5 

2*604 

2 

9 

10*624 

83*74 

23*00 

37*26 

25*40 

Brisk gale . . . . 

Dad. 

0*585 

3*075 

3 

1 

8*200 

86*67 

«• 

40-51 

27*62 

Very brisk 

Uou»e. 

0-84 

4*420 

4 

6 

13*824 

44*01 

30* 

48*60 

33*13 

High wind 

Rouse. 

1*0 

5*208 

5 

3 

5*248 

47*73 

32*54 

52 70 

85*93 

High wind 

Lind, 

1146 

6*027 

6 

0 

6*912 

61*84 

85* 

56*69 

38*65 



1*5 

7*873 

7 

13 

10*688 

58*68 

40* 

64*79 

44*00 

Very high 

Rouse. 

1*9 

9*903 

9 

15 

6*528 

66 01 

45* 

72*89 

49*69 

Great storm 

Denham. 

2-0 

10-117 

10 

6 

10*496 

67*50 

46*02 

74*53 

50*81 

Very high 

Lind. 

2-68 

12*300 

12 

4 

12*800 

73*85 

50* 

81*02 

55*24 

Storm or tempest 

Rouse. 

3* 

15*625 

15 

10 00*000 

82*67 

56*37 

91 *28 

62*23 

Storm 

Lind. 

3-37 

17*715 

17 

11 

7 040 

88*02 

60* 

97*20 

66*27 

Great storm 

Rouse. 

4 

20*883 

20 

18 

5*248 

95*46 

05*08 

105*40 

71*86 

Great storm 

Und. 

4*08 

*21 *135 

21 

6 

15*360 

96*82 

66* 

106 92 

74 -79 

Great storm .. La Cundamlna. 

5* 

26*041 

26 

0 

10*496 

106*72 

72*76 

1 17*84 

80*10 

Very great storm . . . . 

LluL 

6* 

31*490 

31 

7 

13*440 

117*36 

80* 

129*59 

88*54 

Hurricane 

Rouse. 

6* 

31*250 

31 

4 00*000 

116*91 

79*71 

129*09 

88*01 

Hurricane 

Lind. 

7* 

86*548 

36 

8 

12*288 

126*13 


139*65 

95-21 

Great hurricane . . . . 

Liud. 

8* 

41*667 

41 

10 

10*752 

135*00 

92*04 

149*07 

101*63 

Very great hurricane 

Lind. 

9* 

46*875 

46 

14 

00*000 

143*11 

97*57 

168*11 

107 80 

Most violent hurricane . . 

Lind. 

9 36 

49*200 

19 

8 

3*200 

146*70 

100- 

162*04 

110*48 

Hurricane that tears up 


10- 

52*083 

52 

] 

5*248 

150*93 

102*90 

166*66 

113*63 

Iron and throws down 


11* 

57*293 

87 

4 

1 1 * (H>8 

158*29 

107*92 

171*72 

117*08 



1112 

58*450 

58 

7 

3*200 

160*00 

109* 

176*55 

120*37 

Observed by Rochon. 


12* 

62*500 

62 

8 

0 * 000 

165*34 

112*73 

182*57 

124*47 



i 

2 



3 

4 

s 

6 

7 

8 



llonla. however, found that the force of the wind was greater by part than Rouse’s Table 
gives. Hutton also showed that the forces at very great velocities increased in a somewhat higher 
ratio tlrnn the squares of the velocity. 
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ANGLE-BRACKETS. 



Ilenaut’s anemometer, Figs. 104, 165, is similar in its principle and action to that of Dickinson ; 
in the latter the impulse is received on a plain surface A, of oiled akin about 8 inches square, 
suspended from the top p, the variations of which, 
from the perjrcndicular }> b d g, ore noted on a scale 
which is marked off by direct experiments. 

This instrument is extremely portable, ami not 
easily put out of order; but whilst it possesses the 
great value, with other instruments of this class, 
of not requiring any watch or other means of 
noting the time, it is. in common with them, sub- 
ject to the great disadvantage of vibrating con- 
tinually, especially in a rapid current, and of not 
recording the variation of the velocity within limits 
of 20 feet i»er minute ; it is, however, very useful 
in steady currents of from 200 to 700 feet per 
minute. The supports g g, are secured to a base 
c t, which is levelled by screws r p. 

Complex Anemometers. — The principle of the 
interesting method proposed by Professor Leslie 
for finding the velocity of an air-current by its 
cooling action, can be studied at length in his 
‘Treatise on Heat.’ From his experiments he 
deduced the following : — “ A thermometer is held 
in the open, still atmosphere, and the temperature 
marked ; it is then warmed by the application of £ 
the hand, and the time noted which it takes to 
sink back to the normal point ; this is termed the 
fundamental measuro of cooling. The samo observation is made «n exposing the bulb to the 
impression of the wind, and the time required for the bisection of the interval of tcnqtcmturcs is 
termed the occasional measuro of cooling; then divide the fundamental by the occasional measuro 
of cooling, and the increase of the quotient above unity, being multiplied by 4$, will express the 
velocity of the wind in miles per hour.” 

ANGLE-BEAD. Fit., Cor niche tie comiere, Ckapelet angulaire ; Gut., Winkel oiler Eck Kamicss; 
Span., Guarda-tieo. 

Angle-bend, sometimes termed Staff-bead, shown in Fig. 166, is a small round moulding, often 
cut into short omlswsmonts, like pearl* in a necklace. In plastering, angle-heads are made flush 
with the finished surface on each return to assist in floating the plaster; they are 
nailed to plugs or to wood-bricks built into the wall. Angle-beada are in some 
cases made to show double on each face of a corner, thus forming a triple bend ; 
however, in superior apartments a triple bead is not employed, but the plaster is t 
well gauged and brought to an arris, a thin copper anglo-lmr being in most cases 
fitted in to preserve the corner from accidental fracture. Wooden angle-l^eads are 
fixed to the jambs of arched recesses, 'the bead round the head of tho arch is formed 
with plaster, ami in good work it is necessary to conceal the joint betweeu the plaster 
and wooden beads by an impost. 

ANGLE-BRACE. Fa., Attache angulaire ; Goa., Winkel Strebe ; Ital., Calastrcllo d'angolo, 
Traversa ; Span., Tirante. 

Any framing when situated on tho inner side of nn angle, for the 
purpose of tying the work together, is termed an angle-brace. In Fig. 

167, representing the framing of the external angle of a building, A is 
the angle-brace. B dragon -piece, and C C wall -plates. 

The term angle-brace is also applied to a tool for boring in corners ami 
other confined litralities where there is not space to use the cranked 
handle of a common brow. It is composed of metal, and works by means 
of two bevel-pinions, ami a winch-handle which turns at right angles to 
the centre of the hole to be pierced. Boo Brace. 

Angle-Bracket. 

ANGLE-BRACKETS. Fr., Tassmux angulaircs, Support angulaire ; 

Ger., WinheUagrr ; Ital., Gattello , Meamla angola; Span., Modillones angular es. 

A bracket projecting from the angle of a wall or building, instead of at right angles, as from 
the face of a wall, i* termed an angle-bracket. 

Let DBA, Fig. 168, be tho elevation of the bracket of a cove, to find the angle-bracket. 

First, when it is a mitro-hrncket in an interior angle, the angle being 45°, divide the curve A D 
into any number of e<nml parts 54321, ami draw through the divisions of the lines 5 >>, 4 c, 8 d, 2 e, 
1 /, perpendicular to BA, and cutting it in be tie f, and product; them to meet the line C O, repre- 
senting tho centre of the sent of the angle-brocket ; and from the points of intersection rc ij k l 
dmw linos «• 4, » 3, j 1, k 5. at right angles to C O, and make them equal— «r 4 to b 5, i 3 to c 4, j 1 to 
d 3, and so on ; and through G 4 3150 draw tho curve of the edge of the bracket. Tho dotted lines 
on each side of C O on the plan show the thickness of the bracket, and the dotted lines us, nt, c r, 
show the manner of finding tho bevel of the Imae. 

The same figure shows the manner of finding the bracket for an obtuse exterior angle. Lot 
C J F be the exterior angle, bisect it by the line J E, which will represent the seat of tho centre of 
the bracket. The lines J I, s 4, o3, p2, «/ 1, r, are drawu perpendicular to J E, and their lengths are 
found as in the former case. 

To find the angle-bracket of a cornice for interior and exterior angles. Let K A B, Fig. 169, be 
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tho elevation of the cornice-bracket, F A the Neat of the mitre-bracket of the interior angle, and L U 
that of the mitre-bracket of the exterior angle. From the points K Ac Jt B, or wherever a chango 



in the form of the contour of tho bracket occurs, draw lines perpendicular to K A or Q C, cutting 
K A in <*»// c A, and cutting the line FA inF/rQM A. Draw the lines F K. R H. and A L, L N, 
representing the plan of tho bracketing, and the parallel lines from the intersections n p o M, as 
shown dotted in the engraving, then make AY find L/each equal to A B, uuand M t toe/, Q S 
and o j equal to /</, r / and /• m equal to c, / b and n r equal to e o, J p and a s equal to <• h, and join 
tho points no found to give the contour of the brackets required. The bevels of the face are fouud 
as shown by tho dotted lines W Z V b. 



To find the angle-bracket at the meeting of a conenve curved wall with a straight wall. 

Let BCDF, Fig. 170, Ik* the plan of the bracketing on the straight wall, and C*l‘ t M D tho 
plan on the circular wail ; ABF the elevation on the straight wall, and 21 C O on the circular wall. 
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Divide the curves A F, M O into the wine number of equal parts; through the divisions of A F 
draw the lines A C, 5 a/, 4 6 < 7 , aud so on, jtcrpcndiculur to BF, and tlirough those of 31 O draw the 
parallel lines, ]xtrt straight and 
part curved, 5 a /, 4 o </, 3 p i and 
mi on. Then through the inter- 
sections f if h i of the straight and 
curved lintj# draw the curve C 1 ), 

which will give the line from I 

wh|ch to measure the ordinates 
f5, «/4, A3, i‘4 >1. 

To find the angle-bracket when * 
the wall is a convex curve. 

Let A c Q C, Fig 171, be the 
plan of the bracketing on the 
straight wall, and A r Q L the plan 
on the curved wall. From the 
points Kt 6 c</ 6 B of the bracket 
K A B, where its contour changes, 
draw perpendiculars as before. 

Draw L Q a radius to the curve «*f 
the wall LA, and set on it the 
divisions 31 o /> n, equal and corres- 
ponding to c/ycof the elevation 
HAD; and draw L /, M t, o j, 
pm, nr, ns, perpendicular to Q L, 
and make them equal to AB, c/ f 
fd , »/c, c 6 , sf, of the elevation; 
then join the points by the lines 
f t, t j , j m, tn r, r i», s Q, to de- 
tain the contour of the bracket 
equal and corresponding K A B. 

Through the points Mopn draw 
concentric curves, meeting the 
perpendiculars from the corres- 
ponding points of KAB; from 
the intersections of the straight 
and curved lines, a o r /, draw the 
lines AY, uo, o *, perpen- 

dictilar to cA, and make them 
equal to the corresponding lines 
of the elevation, as before ; then 
join the points Y ottbpe to obtain 
the contour of the angle-bracket. 

The examples shown in Figs 
172, 173, ore projected in a similar 
manner. 

ANGLE OF FRICTION. 

Fn., Antjl<‘ dc frottement ; Gkr., Hri- 
hun jim inkci ; ItaL., An/nlo attrito ; 

Span., AtvpUo de rozamiento. 

The angle of friction is also 
calhd the <ingU of repose. In an 
Arch, that angle at which the 
arch - stones cease to have any 
tendency to slip from their own 
weight or to exert any thrust on 
tho pier. Rondelet found by 
repeated experiments that even 
where the surfaces were wrought 
in the best manner the angle was 
seldom less than 28°, and it was in some cases ns much ns 8G 3 . The Angle varies with the weight 
as well as with the roughness of the stone. With soft stones the tendency to slide is greater than 
with hard stones, where the amount of roughness is the same, particularly where the weight is 
great, as the inequalities are broken down when the stone is soft, and the dust facilitates sliding. 

On Roam and Railways it is that inclination or gradient ut which tbe CMTHgOI are on the 
point of moving by their own gravity; it varies with the roughness or smoothness of the road or 
rails, and with the diameter and friction of the wheel* uj>on their axles. (See Morin, ‘ Xouvellcs 
Experience* *ur le Frottement/) 

The following, from Poocelet and others, show the relative angle of repose on various kinds of 
roads and railways: — 



Wheels with iron tires on a — Ratio ®f Sopt*. 

Road of sand and gravel .. .. 1 in 16 

„ of broken i in ordinary condition 1 ,, 25 
stone 1 in perfect condition 1 „ 67 
Well-made pavement 


Wheels with iron tires on — of 

Oak planks, not plant'd 1 in 93 

Stone trackway, well laid .. .. 1 „ 179 

Railway 1 ,♦ 280 

An iron-shod sledge on hardened snow 1 „ 30 


For further information on this subject, see Friction. 
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ANGLE-IRON. Fit., Cornier c, oh Far de comiere ; Gek,, Winket, oder Eckeisen ; Ital., Ferro 
<f angoJo ; Span., Hierro angular. 

Any rolled bar of iron. Figs. 174, 175, 176, 177, of an angular shape, is usually termed angle-iron ; 
it is employed for forming the edges of iron-safes, bridges, and ships ; or to be riveted to the comers 
of boilers, tanks, Ac., to connect the side-plates. Bee Boilers; Bridges ; Iron-Ship Building. 

When wo treat of the different structures in which angle-iron is employed, wo will discuss the 
strength, suitable form, dimensions, and other mechanical properties of angle-iron ; hero we merely 
give cross-sections, dimensions, and weights of some of the principal forms 
manufactured iu the Earl of Dudley’s extensive works at Round Oak, near 
Dudley. For Tee and angle iron, Kirkaldy lately found that the specific gravity 
varied from 7*7310 to 7 '5297, and he took 7 '6006 as the mean result of ten 
experiments. Whence if the area, in square inches, of the cross-section of any 
gp^iinen of angle or of iron be multiplied by 3 *29887 (3*3 nearly), the 
product will give the weight of a lineal foot of such specimen in pounds. For 
example. Fig. 179 is the cross-section of one of a scries of angle-irons of the 
Round Oak Works; length of each side = 6 in. mean; breadth — 1 in. ; area = 11 sq. in.: therefore 
J1 x 3*29887 = 36*23757 lbs. the lineal foot, or 36} lbs. nearly. The mean breadth of this series 
varies from * to 1 in. However, it is necessary to state tluit a lineal foot of this iron, Fig. 179, 
weighed 38 lbs. 



175 . 


Length of sides, 2$ ami 2^*, breadth, $ in. 
Weight the lineal loot, 2 lbs. 2 oz. 



21 and 8; breadth, ^ in. Weight the liueal 

foot, 17*5 lbs. * 




Length of sides, 5 and 5 ; breadth, 1 in. 
Weight the lineal foot, 31 *25 lbs. 



Length of sides, 3 and 
3 ; breadth, | in. 
Weight the lineal 
foot, 7*5 lbs. 



Length of sides, 24 and 21 ; 
bieadth, -f 6 . Weight the 
lineal foot, 5 lbs. 12 oz. 
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183. 


Length of sides, 4 and 2 ; 
breadth, J in. Weight of 
lineal foot, 9 * 5 lbs. 



1M. 

Length of sides, lj and 1|; 
breadth, in. Weight of 
lineal foot, 2 1U. 64 oz. 



185. 

Length of side*, 3J and 2 ; 
breadths, | in. and 4 > n - 
respectively. Weight the 
lineal foot, 7 lbs. 



188. T-Iroo. 


Length : web, 2J ; flange, 4 ; 
breadth, | in. Weight the 
lineal foot, 8 * 5 I be. 




iw. T*lroo. 190. T. 

Length : web, 3 ; flange, 6 ; breadth, $ in. Length : web, 4 ; flange, 5 ; breadth, 4 in. 

Weight the lineal foot, 15 lbs. Weight the lineal foot, 14*5 lbs. 



191. T- Section. 192. Section. 193. Section. 


Length: web, 5; flange, 4; Length of each ann,2in.; web, Length of ench arm, 2 in.; 

brendth, \ in. Weight the 2§ ; breadth, -fa in. Weight breadth varying uniformly 

lineal foot, 16 lbs. the lineal foot, 8 lbs. 2 oz. from *4 In. to *25 in. 
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194. Section. 

Length of each arm, $ in. ; web, 2*75 in.; 
breadth Tarring from £ in. to } in. 
Weight the lineal foot, 6 lb*. 14 or. 


C)|N S 



195. Section, 

Length of each arm, \ in. ; 
least breadth, } in. ; web, 
1$ in. ; l in. thick. 
Weight the lineal foot, 
1 lb. Ooz. 



196. Section. 

Length of each arm, f in. ; 
web, 1 in. ; breadth, } in. 
Weight the lineal toot, 
11 or. 

L/-\J 


19T. Section. 

Length, 1 j in. ; breadth, } in. 
Wright the lineal lout, .1 lb». 
15} oz. 



198. .Section. 

| in. thick; the other dimensions 
are given on the section. 
Weight the lineal foot, 1 lk 
5 or. 



199. Section. 

in. thick ; the other dimen* 
aions are given on the section . 
Weight the lineal foot, 5 lbs. 
1} or. 



300. Section. 

} in. thick. Weight the lineal foot, 
3 lbs. 



201. Section. 

Length, 4 in. ; breadth varying 
from ^ in. to | in. Weight, 
9 lbs. 



202. Section. 

} in. thick ; chord, 2| in., as 
shown on the section. Weight 
the lineal foot, 3 lbs. 4 oz. 



ANGLE-RAFTER. Fit., Are for ; Ora., GraJsparre. 

An/ftc-rafter, more commonly culled “ hip-rafter,” in hipped roofs is the piece of timber which 
rami from the angle of the building to the ridge of the roof into which it in framed, and of which 
it forms the continuation to the caves, where it butts on the dragon-piece. It is usually from 
1 J inch to 2 inches thick, and from <J inches to 8 inches deep, according to the length ; the ends of 
the jack-rafters are nailed to it in the same manner as the common rafters are nailed to the 
ridge. 

ANGLE OF REPOSE. Fr., Angle de repos; Gra., RvheviuM ; Ital., Angola limitc cTuttrito ; 
SPAN., Angulo de reposo. 

See Angle op Friction. 

ANGLE-STAFF. Fit, Comiche de comiere ; Oku., Winkcl Kamiess ; Span., Quarda-arista. 

The strips of wood employed in the inside of buildings, upon the exterior vertical angles, to 
protect the plastering, are called angle-staffs. 

Angle-staffs are of two kinds, namely, square staffs and round staffs, also called angle-beads, the 
former Wing mostly employed when the walls are papered over, and the latter when the angles are 
seen. 

ANGLE-TIE. Fr., Attache angtdaire ; Ger., Winkcl Strehe ; Ital., Calastrello d'angoh, Tra- 
versa; Span., Tirante. 

8©e Angle-IIrace. 

ANGLE OF TRACTION. Fh., Angle de traction ; Gkr., Zug-Winiel; Itai,., Angato di trazione; 
8paX., Amjulo de traccion. 

The angle formed by the inclination of tho traces with the surface of the roadway is termed the 
angle of trnetion. 

ANGULAR MOTION, OR VELOCITY. Fr., Mouremcnt angvlairc ; Ger., WinkePteveegung 
oder Winkel>fesch>rinitigkeit ; Span., Veloeidtid angular. 

The velocity of a point moving in a circle, whose radius is taken ns a unit, is measured by tho 
length of the arc that may lx; doarrilied by the point in a given time : but tins arc measures an 
angle, and that angular measure is termed the angular velocity. As it is a jmrt of our design to 
generalize and follow principle wherever it lead us, when such generalization tend to inijsirtant 
practical results; hence, we purpose to explain angular velocity in general terms. 

In calculating the motions of geared machinery, the angular velocity of a body has often to lie 
determined when the number of rotations (n) in a minute is given. The distance traversed by tho 
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point situated 1 foot from the axis is 2* for each revolution, consequently 2 n w for « revolutions, 
that is, 2 n r in 1 minute, or GO seconds. The distance traversed by this point in 1 second is 

therefore or , which is the angular velocity required. If we call this angular velocity », 


of = that is, to obUtin the angular velocity, multi jdy the number of revolutions o-minutc by the 

ratio of the circumference to the diameter , and divide the pnsluct by 30. If, for instance, a wheel 

mokes 45 revolutions a-minute, its ongular velocity is v = ^ = 4*7124. From this 

30 w 

formula is deduced n = - ; that is, to find the number of revolution* a-minute, multiply the angular 

velocity by 30, and divide by the ratio of the circumference to the diameter. For instance, if to = 5 
5 X 30 . 

n = _ , ,,« = 47*7, or about 48 revolutions a-minute. 

3*1410 

The motion of rotation signifies the movement which nil points of a single body make, in 
describing arcs or circles round the same axis, when the planes are perpendicular to that axis, and 
retain the same distance from each other. 

Such is the movement of a cog-wheel or fly-wheel, and of all revolving parts of machines. 

The first property peculiar to this species of motion is, that alt points of a body describe m the 
same time arcs of the same number of degrees. Is*t us suppose the axis of rotation to lie perpendicular 

to the plane of Fig. 203, and let O lie the point where it meets this plane. Let us take any point : 

for instance, A ; let a be the projection, upon the plane of the figure, of the initial position of tho 
point A, and let a be the projection of its position at the end of the time t ; the arc described by 
the point A will lx* equal to the arc a a', having O for its centre. Let B l*» 
another point of the body; b, the projection of its first position; 6', the pro- 
jection of its final position ; and b b\ the projection of the arc. which it lias 
described. Unite O a, O a\ 06, 06'. O o' will be the position of A with 
regard to the axis after the space of time t and Oa before the first instant. 

From the point B to the axis also draw a lino. 0 6 will be its position before 
the first instant, and 06' alter the lapse of the time t. Therefore the points 
A and B will maintain their relative positions; the angle formed by the two 
planes drawn from A ami B remains unchanged. But this angle measure* at 
the first instant a 06, and at the final instant a' Ob'; therefore these two 
angles are equal. If wc cancel the common part o’ 06, there remains a () a' = 606'. Therefore 
the ares a o' and 66' are the ares corresponding to the equal angles at the centre, which have the 
same number of degrees. The same may be said of all points of the body, as A and B ore taken 
indiscriminately. 

It therefore follows that the velocities of different paints of the body , at the sa me instant, are pro - 
portional to their distances from the axis of rotation. Suppose, for instance, that the ares a a' and 66* 
liavo been described in a very short time A t. The similitude of these arcs gives tho projjortion 

a a’ 66' aa‘ &6‘ 

a a' : 66' = Oa : 06, from which is derived f l = Oa l Ob. — y and -~ t bIiow respectively 

the velocity of the points A and B. By calling the distances O a and 06, r and r\ and the 
velocities r and r f , the result will be. r : r‘ = r : r\ 

II. To determine completely the motion of a body turning round an axis, it is sufficient to know 
the motion of one of its points. The motions of all points of a body are generally compared to that 
of one particular point, 1 foot, or 1 metre, distant from the axis. The motion of this point is 
generally called, as previously stated, the angular velocity, and is usually expressed by tho letter v. 
On comparing the velocity of any point A to that of tho point situated at the unity of distance 
from the axis, we get, in accordance with the rule explained aliovc, e:« = r:lorr = »r; that 
is, the velocity of any /H>int of a bo<ly is equal to the angular velocity multiplied by the distance of that 
point from the axis of rotation. If, for instance, the angular velocity be 3, the velocity of a point, 
situate at 0*40 ft. from tho axis, would be ts 0*40 ft. X 3 = 1*20 ft., from which is drawn the 



formula m st — » that is, the angular velocity is obtained by dividing the velocity of any point by the 
distance of that point from the axis. For instance, let us seek the angular velocity of the earth. 
R is the radius of the equator; the velocity of a point situated on this circle is therefore 
there being 86400 seconds in 24 hours, tho time employed by the point in one revolution. Divide 
this velocity by the distance R of the point under consideration from the axis, aud the result will 
2v $• 141592G v 

be the angular velocity at = g^ 400 = — = 0*000072722; consequently r = — ; that is, 

the distance of any point of a body from the axis ts the quotient of the refocity of the point by the angular 

1 *50 ft. 

velocity. If, for instance, r = 1 *50 ft. and tt = 0*8 ft., then r = ■ = 1*875 ft. 

When the angular velocity is constant, the rotary motion is uniform. 

If the are described by a point situate 1 foot, or 1 metre, from the axis be a at the beginning of 
the first instant, and t tho time employed in traversing that arc, a = » t. 

If the angular velocity be variable, the limit between tho angular velocity and the increase of 

d w 

the time is called angular acceleration. This angular velocity is generally represented by y = yy I 
and as <u is itself derived from the arc a, the acceleration is the second derivative of that ore ; 
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<1 » being put for an extremely nmnll quantity termed tin? dift'erential of «, and rf t for diflVreutial 
of /, which is au extreniely short time. 

When the angular acceleration is constant, dwsydt. 

If w a be the primitive angular velocity, we obtain u = -f y /, whence </« = «„</* «f 7 < </ f. 

Supposing the arc a to begin at the position occupied by the point at starting, by integrating, 

we find a = to 0 t + * yO. In these two proportions, the formulas of uniformly mriatimj motion 
are expreas«?d. 

When several rotatory movements are to l«e consideml. a geometrical sign is used to represent 
the angular rdoritir*. On the axis of rotation an arbitrary point O, Fig. 204, is taken, and from 
this point is projected a length O P proportional to the angular velocity «. O P is plnced 30 , 
in such a direction, that a sjieotntor, placed at P and looking in the direction PO, sees the f 
body turning in the direction of the hnrul of a watch ; that is, if O P were horizontal, the iP 
movement above would bo from left to right. O P' would represent the angular velocity if 
the movement were in the opposite direction, namely, from left to right when {Missing 
underneath. . _ 

It is therefore said that the angular velocity, or the rotation, i* represented in quantity 0 
and direc tion by the line O P in the first instance, ami O P' in the second. 

When a solid lady revolves round an axis, through the action of any force, the reactions 
upon that axis can bo determined. Let OZ, Fig. 205, be the axis of rotation connects 
with the punts A and A', and with its extremity B, which rests against a perjieiulicular, 
fix«d plane. From the centre of gravity (4 of the* body pass a plane |)erpendieuhir te the axis, and 
cutting it at the point O; take the (mint O for the origin of the axes of 'the coordinates of the 
different points, the axis OZ for the axis of z, and two axes 
O X and O Y ner{»cndieular to the first. Let M lx? any 
point of the body, m its mass. From M draw upon the axis 
the perpendicular MC=r, and let a be the angle it makes 
at the end of the time t, w ith a jmmllel C V to the axis x ; 
anil at the end of the same time let M P = r, C P = y, and 
PQ = *, be the co-ordinate* of the point M. This {joint, 
rotating round O Z, describes a circle having C for centre. 

It may therefore l>e considered as being acted upon by a 
tangcntul force T and by a normal force X, the powers of 
d t» 

which are respectively T = m r ( and N = m 1% if the 

angular velocity lie to at the end of the time t. As the same 
nmy be said of all other {joints of the system, it follows that 
the body mnv be regarded as entirely subject to forces 
analogous to T and to forces analogous to N. The body is 
therefore moved in reality by a system of forces F, F\ F". 

&c„ the reactions of support* and the mutual action exercised by the material points of the body. 
The system cjf forces F and of the mutual actions is therefore equivalent (see Km lira lent Forces) to 
the system of forces annhjgous to T ami N'. There must therefore be equality between the sum of 
the projections of these two systems of forces on each of the three axes, and between the sum 
of their momentum* with regnitl to these axes. 

The projections of the force T on the axes of x, y, and j, are respectively 

. d ui d to 

— Tgin.a ( + Tcos. (i, zero; or, - my , + mx » zero. 

The relation of the momentum* to the same axes is, adopting the conventional signs with 
regard to momentum, 

d to d to d u 

— T cos. tt.z, — Tsin.az, -j- T r; or, — mxz —rr , —muz -t; « + m r* - 3 -.- * 

at •'«/<’ at 

The projections of the force X arc, 

4* N cna. a, + N sin. a, zero ; or, +raw 2 3 a + m« J y, zero. 

The momentums of the same force with regard to the same axes are expressed, 

— N sin. a.*, +• N cos. a.z, zero; or, — tn or y *, + m «?x z, Zero. 

d to 

In passing from M to another point of the body, x, y, r, r, ami a, will change ; but u ami j , will 

remain the same. On the other hand, the rnntual forces will disappear when the sum of their 
projections on to any axis is nought, as they are equal and opposed to each other; the sum of their 
momentums. with regard to an axis, will also be nought, for the Mime reason. 

Let K be the reaction exercised upon the point A pcrjjendieulnr to the axis, omitting friction, 
and R* the same reaction upon A' ; and 8 the ruction exercised by a {mint B in the direction of 
the axis. OA = A and O A' = A’; we can then describe the six conditions of equivalence ; putting 
2 for sum, 2 m x signifies the sum of the product* m x, then, 

2 F, 4* Ri + R • = — 2 m y + or 2 »n x, 

2 F, + + R* = 4" j t 2 m x + 2 m y, 

2 F. 4* 8 = 0, 

2 J4L F - B, . A + R' r . A’ = — ^ ^ 2 m x z — •* 2 m y *, 


C»3 

[ 2 ] 

[3] 

[<] 
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i jn, F + R , a 

il at 

2.f«-F= J t 


d tO 

t it 




2 m r 3 . 


[5] 

[ 6 ] 


rf „ X ftl, F 

The last equation gives j ( = ^ ; that is, the angular acceleration it repressed by the 

sum of the momentums of the forces icith regard to the arts of rotation , divided by the ris inertia of the 
body irith regard to the same axis, which expression cun also be arrived at in a shorter manner. The 
first five equations make known the five unknown quantities. It,, R„ R'„ R'y, and 8; from the 
equations [1] and [5] It, and R‘, may be fouud, and from [2] and [4] It v mid R' y arc deduced. 
E« pint ion [3] will give the value of 8, 

If the movement is reckoned only for the first instant (it can also be another space of time), the 
axis of x can be passed through the centre of gravity. If wo call M the totul moss of the body and 
a the distance of tho centre of gravity from the axis 0 Z, 2 m x = M <i and 2mjr = 0. 

If, again, we suppose the body symmetrical with regard to tho plane XOZ, we get Zmxi = 0 
and 2 my z = 0; and the six equations of the problem become 
2F, + R, + It', = M to 1 a, 

2 F r + R, -+ R' f = M a , 2, + 8 = 0, 

2 j&o F - R, h + R'y h = 0, 

2 i«y F + R, h - R', A' = 0, 

d to 

2J($I, F = -jj Imr 1 . 

d at 

The quantities Ma , M to 1 a express the tangental force and the normal force of the centre 
of gravity, considered as a material point whore all the mass M is concentrated. 

Two particular cases deserve consideration: — 1. Where the axis of rotation is horizontal, the 
body has its centre of gravity in that axis, and is subject to no external force except that of 
gravitation. 2. When the axis of rotation is vertical, nud the body, having its centre of gravity in 
the axis, is only subject to the force of gravitation and to forces acting horizontally. 

1. In the first case we get 

a = 0, 2 F, = P, 2 F r = 0, and 2 F, = 0, 

2 J H, F = 0, 2 i« v F = 0, 2 /ft, F = 0, 

R, + B r , = - P, R y + R', = 0, 8 = 0. 
d to 

The sixth equation gives =0, from which it follows that tho movement is uniform, the 
equations [1] and [5] can be reduced to 

— Ry . A -f- R’y A' = — 2 my x, 

R, . A — R, . A a -f v 1 2 m x z ; 
or, if the plan X O Z were symmetrical, 

Ry . A = R'y A' ami R, . A = R', . A'. 

The first of these, compared with tho second equation, gives Ry = 0 and R'y = 0; that is, 
the reactions at A and A' are then vertical. 

2. In the second case suppose the axis O Z, Fig. 206, to be vertical, and the centre of gravity to 
be situated in the axis OX at the first instant, P to be tho weight of the body, and that we have 


as above 2 m y j 


0 and 2 m x = M a, wo find 
R, + R', = w 3 M u, 


‘a 


R, 


d to 

+ R', = M a -jj i 


- R, 


- P + 8 = 0, 

* + R'» • *' = 


rr 2 m x x — to 3 , 2 m y z, 


P a + R, . A - R', . A = - 

2Jtt, F = 


d at 

Tt 

d to 

dt 


2myt + a*, Imxt, 


2 m r 3 . 


sT* 


If wc wish tho reactions of R and R* to be nought, we must 
according to the two first equations, make a = 0, that is, tho 
centre of gravity must be in the axis of rotation. The equation 
- P + 8 = 0 gives 8 = P; that is, the charge of the pivot which sustains the axis of rotation ia 
equal to the weight of tho body. The two following equations can be reduced to 

Jmx* + « J , Jmyx = 0, 
dt 


and 


dt 


2 m y x — to 1 , 2m xx = 0; 
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from which follows 1mx» =0 and Smjfi = 0 ; that is, the axis of rotation is one of the 
principal axes of the body. 

In millstones these two conditions are fulfilled by means of lead introduced into vertical holes 
made for that purpose. If this wen* not done, it might happen that, although remaining horizontal 
when at rest, they may, when in motion, exercise lateral reactions upon this axis, and cease to be 
horizontal. 

General Conditions of the Uniformity of Motion or of Equilibrium of a Solid Body , Free in Space , and 
«u hjected to any Forces. — It is evident that a solid body, entirely free, can receive ami take but one 
of tlio three following motions:— A motion of translation without rotation, a motion of rotation 
without translation, and u simultaneous motion of translation and rotation. 

Every motion of translation may be resolved into three other motions similnr in relation to any 
three rectangular axes drawn in space ; and it is evident that if each of these component motions 
is separately zero, the resultant motion of translation will be so likewise. This condition is, more- 
over, necessary and sufficient. 

Now, in order that these three motions shall be zero for each of these axes, the sums of the 
components parallel to the axes should separately be zero. Then, if we call X. Y, and Z, the stuns 
of the components of the exterior forces applied to an invariable solid, them* forces cannot impart 
a motion of translation if we have at the same time X — 0, Y = 0, Z = 0, and the motion will 
remain uniform or the body be in equilibrium ns to translation. 

8o also every motion of rotation of a Imdy, or of material points composing it, may be resolved 
into three motions of rotation around three rectangular axes drawn through any point. In order 
that the body shall receive no motion of rotation, it is only requisite that the rotations around each 
of the three axes shall be separately zero, which requires the sums of the moments (not momentum*) 
of forces in relation to each of the three axes, that is, tho snms of the masses or weights multiplied 
by their perpendicular distances, to lx* separately zero, so that if we call L. M, and N, these three 
snms, we must have at the same time L ~ 0, M — 0, N — 0. When these conditions are satisfies!, 
the work developed in imparting a motion of rotation will be zero, and it will continue to move 
uniformly or will rest in equilibrium. 

In order that the body receive no motion of translation, nor of rotation, or that its motion be in 
no wise altered, all that is requisite is : 1st. That the sum of all the components of the forces 
soliciting the body, in relation to any three rectangular axes, shall be separately zero. This is 
expressed by the relations A = 0, Y = 0, Z = 0, 

L = 0, M = 0, N = 0, 

which we call the six equations of uniform motion, or the equilibrium of an invariable body, free 
and solicited by any forces. 

Centrifugal Force . — It is well known that, if we tie a atone or other heavy body to a coni, 
impress it w ith a circular motion of which the hand is the centre, tho cord will experience a 
tension, the greater as the motion is more rapid. From observation of this fact came the use of 
the sling as an implement of war among tho ancients, and which is now but a boy’s play. Similar 
effects are seen in waggons running swiftly in short curves, in circuses, when the horses and riders 
are naturally induced to lean towards the centre of tho curves they describe to prevent being over- 
thrown. The reader may readily find other effects from the some cause: all of them prove that in 
curvilinear motion the bodies are subjected to a peculiar force tending to drive them from the 
centre, which force is called the centrifugal force . 

Measure of the Centrifugal Force. — To understand what tnkes place when a material point is 
submitted to the action of the centrifugal force, let us examine, first, how' this force is developed 
in circular motions. When a material |H»int or an elementary mass m pasws from one element of 
a curve which it describes to another, it temls by virtue of its inertia to continue its motion in the 
direction of the prolongation of this clement, or of the tuugcnt hd of the curve, and is what is termed 
Hying off at a tangent, as is the case with the sling at the moment one suddenly lets go his hold 
upon the coni, if the mass m takes tho direction of the next clement, it is then retained upon the 
curve, either by the resistance of the curve itself, upon which it then exerts a pressure, or by tho 
tension which it develop* in the coni. This pressure or tension is itself the measure of the centri- 
fugal force, in contradistinction to which it is sometimes called the centripetal force. 

This force is in the direction of the radius of tho curve or of the cormqionding circle, and if we 
call V the velocity with which the mass m is impressed in the direction of a 6, and take the length 
hd to represent it. it is dear that the velocity destroyed by the resist* 
nnee of the cord or the centripetal force, will be represented by 
the tide d c of the parallelogram bed f, whose side dc is puriilltl to 
the radius oh, in the direction of which this force is exerted. Now, 
an inspection of the figure shows that the angles aAO and hdc are 
equal as internal and external, and the angles drh and ch 0 as alter- 
nate and internal; and as moreover the angles c&O and «AO king 
formed on both sides of the radius by two equal and consecutive 
dements of the circle or of the polygon whose infinite number of 
sides replace it, it follows that the angles hdc and dch are* equal, and 
the triangle bde is isosceles. Then the velocity ba with which the 
mass m is moved in the direction of the following elements b t, is 
the B&me os that it had in the direction of the preceding element. 

Thus, in circular motion , the centrifugal force does not alter the velocity 
of rotation ; which is conformable with the principle of work, since 
this force, in the direction of the radius, or normal to the |«th 
described, produces no work in the direction of motion, mo long a* 
there is no path described in its own direction and by it* action. This lining settled, the 
velocity destroyed in the element of time t by the centripetal force has, according to the figure, 

k 2 
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d c fur its measure, and the centripetal ami centrifugal forces, which are equal and directly opposite, 
have for a common measure F = m . # 


Now, the triangle bdc and Obt having equal angles, arc similar; we have then 
bd x bt V 41 

bO l bt ll bd l dc, whence dc = — — = -j^- . In calling K the radius of the circle described. 


it 


and s the elementary are run over in the element of time 1 ; and as we hnve V = y or $ = V /, it 


V x V< V*< 

follows that dc = — H = It * an< ^ the centrifugal force has for its measure 

F = * — m jj, ; if, moreover, we call V, the angular velocity, or that at the unit of distance, 

V *R* 

we have V = V, It, and the expression for the centrifugal force becomes F = m - j^— = m V, 1 R. 


What we have said of the centrifugal force applies to a material point describing any curved 
line, since in each of its positions an osculating circle may lx* substituted for the curve: the only 
difference being in the fact that the radius It of this circle varies for each position of the moving 
body, while that in the circle is constant. 

Work Pcrrlopni by the Centrifwjal Force. — When instead of being retained by a circnlnr curve 
or at a constant distance from the centre of rotation, the material punt is removed farther from 
it, the centrifugal force will cause it to describe a certain pith in the direction of the radius; it 
develops upm this body a work easily appreciated. In fact, if in an element of time the material 
point is displaced in the direction of the radius by a certaiu elementary quantity V, the correspond* 
ing work of the centrifugal force will Is' F r — mV, 2 Ur, and the total work due to this force, 
when the material point shall have passed from R"to R'nt a greater distance from the centre, will 
be given by the sum of all the analogous elementary works taken from R = R" to K = R\ Now 

we see from the frrincipte of t cork that this stun is equal to 5 in V 1 s (R’ a — R" 5 ) = - m (V** - V" 2 ) 
if we rail V r = Vj R' and V" = V, R", the velocities of rotation of the point around the centre. 
We have then for the work of the centrifugal force T = * m V, 5 (R' s — R" 9 ) = * m (V” — V" 2 ). 

We remark that the second member of this relation is no other than the variation of the r»> 
viva of rotation, experienced bv the material p»int while partaking of this motion in its removal 
from the centre of rotntion, whatever may be the curve or pith described in this removal. This 
expression then could lx* directly deduced from the principle of r i* hw. 

In the case just considered, the centrifugal force tends to increase the absolute velocity of the 
body moved, and acts thus as a motive force which is develo|>ed in the motion of rotation. * When, 
on the other hand, the body approaches the centre, the centrifugal force isoppowd to it, nnd acts ns 
a resistance in developing a work having indeed the same expression, but which is resistant, since 
the path described is in a direction contrary to the action of the force. 

The preceiling considerations will find their application in the study of the effects of certain 
hydraulic receivers. 

Action of the Centrifugal Force upon Waffloni. — When a coach with great xjieed turns upon a 
short curve, the effects of the centrifugal force is felt by the passengers, who an* driven towards the 
outer curve with an intensity often dangerous for those placed on the outside, and which may even 
disturb the stability of the coach itself. 

There is often a prejudice against the effects of this force upon railways, when it is proposed 
to use curves of small rail i us ; but it is easily shown by figures, that in this n*gunl the greatest 
velocities with the common radii of curves produce no danger. 

In fact, calling 1* the weight of the ear or any carriage, A the 
height of its centre of gravity above the plane of the track, 

F = - V,* R the centrifugal force, 2 c the width of the track. It 

is evident that whim the car passes around the centre O of the 
curve, and is arrested by m^he obstacle, such as the falling or 
rising of the rail, it tends to upset outwards, in turning around 
the p»int a of instantaneous support. This motion is counter- 
balanced by the weight I‘ of the carriage, and at the moment 
when the weight and centrifugal force are in equilibrium as to 
the poiut, we have between the moments of the two forces P and 
P P 

F = — V, 2 R the relation Pc = — V. S KA, which shows that, 

0 9 ' 

with eiiual velocities and weights, the stability of the car will lx? 

m> much the greater, and the ciiuilibriuin better secured, as the width 2 c of the track is greater in 
its ratio with the height of tlie centre of gravity. The velocity of transit answering to this 
equilibrium upon common tracks, for which 2 e = 4 75 ft. with cars whoso centre of gravity when 
loaded is 3*28 ft. in height, and with curves 1312 ft. radius, will be given by the relation 

V, 2 R = whence V x R = y/ A ® ~ 174*3 ft., a velocity beyond the greatest speed of rail- 
roads. This shows that in this regard the centrifugal force occasions no danger. Rut wo should 
not forget that it brings the flanges of the outer wheels to bear against the rails, producing a 
cutting away which wears them out nnd greatly contributes to their naming off the track. 


20s. 
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Action of the Centrifugal Force in Fly-wh*H». — For regulating the irregularities of machines we 
make use of rotating pieces of considerable weight and diameter, impressed with quite a great 
velocity, upon which the motion of rotation develops a centrifugal force of considerable intensity. 
Thus, for example, the fly-wheel of an iron rolling-mill, established rtt the iron-works of Four* 
chamlstult. weighs 13,232 lbs., its radius is 9*58 ft., the number of turns it makes is GO in F, or 
1 per second. 

We hare thus V, = 6*28 ft. in 1", and consequently, V, R = 6*28 x 9*58. 

If we consider a segment of the ring equal to £ of its circumference, corresponding to a single 
arm, its weight will Ikj 2205 lbs. ; and if its connection w ith the adjoining segment is broken, 

the arm will experience, in the direction of its length, a traction expressed by X 6*28* x 

9*58 = 25,887 lbs., which shows that in fly-wheels the centrifugal force acquires a dangerous 
intensity, and that it is well to give great solidity to their connections. The velocity of rotation of 
these machines should be confined w ithin certain limits. If, for example, we were to inqiart to the 
above fly a double velocity, or 120 turns in 1', the centrifugal force of the segment ja»t considered 
would be four-fold, or equal to 103,548 llw. 

Application to the M<Ai<m of Wafer contained in a law turnin'] round a Vertical Ax it. — In this case 
the liquid molecules are simultaneously subjected to the vertical action of their own weight, and 
to a centrifugal force developed horizontally; in order that they shall be in equilibrium under the 
action of these two forces, it is requisite that the resultant of these two forces should be normal to 
the surface assumed by the fluid mass, for if this resultant was inclined to the surface, the mole- 
cules would yield to its oblique action. 

Let us consider a molecule m with the weight /> and mass P , situated at the distance m p 

from the axis of rotation A C. In a horizontal direction anti per- 
pendicular to the axis, it will be impressed with a centrifugal force 

expressed by - V 2 R. Let us take m B — P V s , R, m 1) = />, anti con- 
' 9 9 

struct the parallelogram m B E l), whose diagonal normal to the 
surface assunnd by the fluid intersects the axis at i. The similar 

triangles mp » and m B K give us m B or l ’ V, 2 R B E or p ! I m p or 

9 


R 


R I p i t whence p i = 


V,** 



Thus the distance p i, which is called the subnormal, depends only 
upon the constant number g, and the angular velocity supposed also 
to be constant. Consequently this distance is constant, which, 
according to the known properties of the paralmla, shows that the generating curve of the surface 
of the level is a parabola whose summit is at the point O, and whose axis is that of the rotation, 

and we readily see that its parameter is “ * £ , ho long as we have pp' or 2 x l m p or y I l mp or y l 

M 

p •' or 3^ , whence y 3 = ~JL x. 

’I v | 

Surface of Water contained in a Bucket of a Hydrant ic~<chcel >rith a Horizontal Axle . — In following 
the reasoning of the preceding case, it is easy to see that, if we represent by ah the centrifugal 

force - V, 2 R, and by a d the weight p of any 3l0 * 

molecule situated on the surface, wo shall have the /, 


proportion a b or — V, 3 R 


6 c or p l l R 


whence 01= ; which shows that tho distance 

O I la constant for all points of the surface nf the 
liquid, and that consequently this surface is that of 
a cylinder, with a circular base of radius a I, whose 
axis is parallel to that of the wheel. This theorem, 
for which we are indebted to M. Ponce let. serves as 
the basis of the theory which this engineer has given 
upon the effects of water in bucket*? heels with great 
velocities. 

Jlrrfulatort with Centrifugal Force . — The action of 
centrifugal force is utilised in tho construction of an 
apjmmtm called a governor. It consists principally 
of a vertical spindle A II, Fig. *211, which receives 
from the machine to be regulated a motion of rota- 
tion. Upon this spindle are suspended two roils A P 
and A I w , jointed at A, and terminated by the eqnal 

weights or bolai P and P'. At the two joints B and B' of the roils A P and A l w are jointed two 
other equal rods BC and B'C', forming w ith the first a lozenge, and which at their ends C and C 
are also jointed with a collar traverad by the vertical spindle with which it turns, liaving at the 
same time a motion of translation in the direction of the length of this spindle. This collar has a 
yoke in which is fastened the fork of a lever L) E, which acts upon the throttle- valves for steam, or 
upon any other piece. 
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The working of thin contrivance is readily understood. By the effect of the rotatory motion of 
the Vertical spindle, the Imlls of the regulator are thrown outwards from the axis, and so raise the 
collar u certain height. If the machine has attained 

and preserves its normal velocity, the halls ami the 21 *■ 

collur an* held in the same pndtion. because there 
is established a state of equilibrium between the 
centrifugal force and the weights of the different 
parts of the nppamtn*. When tho velocity in- 
creitnes, the centrifugal force increases, tending to 
spread outwards the balls and to raise the collar, 
and consequently the lever DR Inversely, if the 
velocity diminishes, the bolls approach the spindle ; 
the collar and the end of the lever 1> E are lowered. 

Let us examine the mechanical conditions of 
the action of this Hp|mratus, and tirst suppose* the 
collar 0 1", as well as the rods BC and B*C\ to 
Is* in equilibrium with the lever PE, so that, 
neglecting friction, we may regard tho rods A B 
and A IV ns free to yield to the centrifugal force 
which tends to separate them, and to tho weight of 
the I sills which tends to briug them nearer to the 
spindle. 

The centrifugal force of each l*all is ^ V, 5 x 

O P, and its moment in relation to the axis of joints 

A is * V*. X Ol’ x AO. The moment of the 
'i 1 

weight P of each Imll in respect to the same axis is 
1* x O r. Consequently the condition of equilibrium 
P v , s 1 

of each is V,* x A O = P, whence — = -rr. : 

<j 1 T Q AO 

which shows that the distance of tho bulla* sepa- 
ration from tho spindle depends not upon their 
weight, but solely upon the angular velocity of rotation, ami enables us to so dispose of the weight 
of the balls as to satisfy other conditions. If we call T the time of the revolutions of the balls around 

the vertical spindle, we have V,T = 2ir s 6*28, whence V, = ->jT, and consequently ^ ^ q* 

whence T = 2w./ (l -, which is double the duration of oscillations of a pendulum having for 
v 9 

its height the height A O, nt which the balls would be raised to the normal velocity. 

The above formula enables ns to determine approximately the height A Oat which the balls 
are raised with a given velocity, aud thus to establish their mean position. It gives, in fact. 



AO=£i = 0-8I5I7T 3 . 


Tbn. for T = 1". AO = 0-81517 ft.; T = 2”, AO = 3-2600 ft. 


In this calculation we have neglected the weight and the centrifugal force of the rods A B 

and A B\ 

The preceding remarks are not sufficient to ensure the action of the pendulum ns a regulating 
apparatus, since it is a requisite that it should lie able to move the lever D E and the parts for tho 
distribution of the steam or water upon which this lever operate*, or in other terms, it should bo 
able to overcome the resistances experienced in tho motion of tho collar, when the balls are 
separated or brought nearer to cadi other. These resistances can Is? estimated or measured when 
the apparatus is constructed, and if we call 2Q the vertical force applied to the collar in the 
direction of the vertical spindle. V', = (1 -f- «') V, another angular velocity, greater, for example, 
than the mean velocity V, by a fraction n'of the latter. It i* easily seen that the force 2 Q can 1** 
resolved into two other forces parallel and equal to Q, applied nt each of the joints B and B', and 
that then we shall have for the equilibrium corn -sp Hiding to these new conditions, at the instant 

of its beirtg broken, the relation ^ V*, XOPX AOsP xOP+Q xBO’. Colling a the dis- 
tance A II = A IV nnd 6 the length A P = A P' of the rods to the centre of the balls, we remark 

n 1* V s , a 

that b : a : : O P I B O', whence B O' = £ . O P, nnd consequently - ~ . AO = P + Q . £ . We 

liavo previously found that the value of A O corresponding to the mean position of the 

balls was AOs ; the above relation becomes, then, P -^- 7 " = P + Q ^ whence we derive 

P a V», ’ a a 1 .... 

q = fi —V* = 6(2 n +• it* 5 ) = ail a * very compared with h . 

We also see. then, from these considerations, due to M. Ponrelet, that then' exists a necessary 
relation between the ratio of the weight of the bulb to the resistance and the degree of regularity 
of which the nppirntu* is susceptible. 

We see, also, that for a degree of regularity dt'sin-d or considered as necessary in the operation 
of the machine, the weight of the halls increase* proportionally with the resistance which the collar 
opposes or experiences. Then, for example, if we have the proportions a = O-Cbfi, aud if wo have 
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*»' = } = 0*02, we find * = ° - W> — = 16*5, so that, if the resistance of the collar was only 

50 Q 2 x 0*02 3 

22*05 lbs., the weight of each of the tails should he P = 11*03 x 10*5 = 181 *99 lbs. This result 
shows that this apparatus cannot give a gn*at degree of regularity to machines, without great 
dimensions and weights, if we would overcome, directly by the collar, considerable resistances. 

It is from a disregard of them* circumstances that many constructors have failed in the estab- 
lishment of this kind of regulators, made for the purpose of raising sluice-gate*, or in fixtures 
for the distribution of steam. This serious inconvenience may be avoided ; and, with this simple 
and solid apjmratus, we may obtain a proper regulation by arranging it in the manner which will 
bo hereafter described. See Govkrjtoks. 



I/irtr to Estimate the Units of Work in a Rotating Body . — To bike a simple case, let two tails, 
0 and I), Ik* connected by a md, A D, and made to revolve round the centre, A ; suppose 0 to 
Weigh 50 11m. aud D 20 lbs. : the distance of U from A = 

12 ft., uud that of D = 27 ft. It is required to find the 
units of work in these balls when the |s>int B, 1 ft. from 
the centre of motion A, moves at the rate of 19*3 ft. 
a-second. 

The centre of gyraiitm is also requir*d — that is a point, 

(5, in the rod where we may suppose the weight of the 
two balls collected — sr> that the amount of work may 
remain the same as when the bodies were ajtart. 

Velocity of C = (19*3 x 12) feet a-second. 

Velocity of D s (19*3 X 27) feet o-socoud. 

„ . , . . „ (19*3 x 12)* x 50 

Units of work m C = ... . = 41688. 

OH 

Unite of work in D = JL* = h„ 18 .,. 

Total units of work — 120100*2. 

Ixst x be the distance, A f», then the work in the two 
balls collected at Q = = 120106*2. .*. x 3 = 31 If, ami x = 17*030 ft. 

Now, if the two weights 20 4- 50 = 70 lb*, be placid on the rod at the centre of gyration (!, nnd 
move with a uniform velocity of (17*639 x 19*3) feet a-second, the amount of work in the bodies 
thus combined is the same as when posited at C and I). 

From this simple case it is evident that when the centre of gyration of a rotating body is known, 
the accumulated work in that body is readily found. To find the centre of gyration in differently 
fomud bodies requires the aid of a higher calculus, the introduction of which would be out of 
place in the present work. However, it is necessary to observe that the distance of this centre 
from the axis of rotation in a circular wheel of uniform thickness is equal to tlu* radius of the 
wheel x V f ; in a rod revolving about its extremity it is equal to the length of the rod 
* f , and when the rod revolves about its centre it is equal to the length X : anil in a 
plane rim, like the rim of a fly-wheel, it is equal to the square root of one-half the sum of the 
squares of the nulii forming tho ring. • 

Question.— The weight of a fly-wheel = 800011 m., Buppnse the centre of gyration to bo 10 ft. from 
the axis, the diameter of which 14 inches; the wheel makes 27 revolutions a-minute; how many 
revolutions will it make before it stops, the friction of the axis Wing £ of tho whole weight ? 

Velocity of centre of gyration a-second = - X ’ ^ — * — = 23*2744 ft. 

Work in th. wheel = 8000 = 93411-77. 

1 14 

Circumference of the axis in feet = j., x 3 * 1416 = 3*6652. 


8000 


= 5864* 32 x. 


99411*77 
5861 32 


Work dtMtroyed in x revolutions = 3*6652 x x x 
16*952 revolutions. ' 

Question . — The weight of a fly-wheel is 1 $ ton, the distance of the centre of gyration from the 
axis = 8 ft., and the number of revolutions a-minnte = 24; what number of strokes will this 
wheel give two forge-hammers, each weighiug 250 lbs., each hammer having a lift of 3 ft., friction 
being neglected ? 

(20* IV x 3360 

Velocity of the centre of gyration = 20*1 ft. a-second. Work in the wheel = — ... = 

22984*6. 

Work of x lifts of the hammers = 250 x 2 x 3 X x s= 1500 x. .*. 1500 x =■ 22984*6. x = 
15*3 lifts to each hammer. 


Question . — The diameter of a grindstone is 5*6 ft., and its weight = 386 lbs. ; the circumference 
is made to revolve with a velocity of 6 ft. a-second; the circumference of the axis — 8 inches, the 
friction of it = 4 of the weight ; find the number of revolutions made by the stone when left to 
itself? 

The centre of gyration from the axis of the grindstone = 2*8 <J~\. 

To find tho velocity of the centre of gyration, " : 6 : : 2 *8 <J~k • 6 J The square of 
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t* 4 = 18. Work in tin* atone = *.' = 108. Let x be the mmilsr of revolutions, then 

8 .380 I 

j., x j xx - the work destroyed in x revolutions. Byrne's Esscnluil Elements of Practical! Mechanics. 
Animal Chain oal, Machinery fob ekmrxino. 

ANIMAL-CHARCOAL MACH INK. Fli., Machine a purifier le noir animal ; (*er., Matching tur 
Bereituny der Tkierkohte ; Ital., Maa hina da carbine anhwde ; Spas., Mdyuina para purificar el carbon 
unmet/. 

The apparatus of J. F. Brinies, of London, for reburning animal charcoal is shown in Figs. 213, 
21 1. 215. 210. 


713 . 


21S. 



Fig. 213 represents a front elevation of the appa- 
ratus. Fig. 214 is a wetionnl elevation of Fig. 213. 

Fig. 215 is a Imck elevation, and Fig. 210 is a 
section at the l»nck of the apparatus. A is the brick- 
setting of the horizontal retorts, B, and C, each of 
which receives a circular reciprocating motion of 
nearly one entire revolution on its longitudinal axis. 
The u|>|ier retort, which nets ns a drying-chamber 
for pre|iaring the charcoal for the re-earls mizntinn 
which takes place in the lower retort, is contained in 
a separate brick-chamber of it* own, which is situated 
immediately above the roof of the furnace or fireplace 
I>, the hint from which, after circulating round the 
lower n tort, enters the upper chamber through ojien- 
ings h ft for that purpose in the roof of the furnace, 
and then acts upon the upper retort before passing 
off to the chimney. K E an- passage* provided with 
dampers, and lending to Hie main Hue. F, 1h-1ow. 
The two retorts an* provided with a series of internal flanges, <t, a, at intervals of about t» or 
8 inches, and ledges are formed between the flnngea for carrying- up the charcoal as the retorts 
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reciprocate. An opening is made through each flange, and all these openings are disposed in a 
line with each other. 

In order to cause the chamoal to travel continuously along the retorts during the process 
of re -carbonizing, an angled projection, somewhat after the form of a three-sided pyramid, ft, is east 



inside the cylinder, in 
each of the intervals or 
spaces between the 
several internal rimrs 
or flanges, and exactly 
iu the centre line of 
the openings in those 
flanges. The two op- 
posite sides of these 
projections present re- 
verse angles l*»tl» of 
which direct the char- 
coal into the next in- 
terval or sj>aco on the 
fiartinl rotation of the 
retort. The upper re- 
tort is driven direct by n mangle wheel and pinion arrangement G, and this 
motion is transmitted to the lower retort by means of the endless chain H, 
suspended from the rear end of the upper retort, and passing under the 
corresponding end of the lower retort. Both ends of the retorts are sup|H>rtcd 
upon anti-friction pulleys, cc„ carried ip the transverse framing, I, bolted to 
the main supporting columns, K K. The feeding-hopper, L, opens into a 
floor. M, from which the charcoal is shovelled when being supplied to the 
retorts, the feed being adjusted by menus of the sliding door. M, worked by 
n winch-handle and screw-spindle. N is a sliding door, covering an opening 
in the inclined side of the hopper, for the purpose of insi»ectiiig the interior 
of the retort ; a spy-hole being nlsn provided for the same purpose at O in 
the stationary front-cover, P. of the lower retort. The upper retort discharges 
its contents into the conduit Q, which conducts it to tuo lower retort; after 
traversing w hich it is discharged down the pipe R, into the closed box, or 
receiver, 8. From this receiver it posses through the cooler, which consists of 
a number of long, narrow passage*. T, placed side by side, and having inter- 
vening air-spaces between them, for the more effectual cooling of the contents. 
By the time the charcoal has traversed these coolers, it is sufficiently coed to 
l>e exprfSaed to the action of the atmosphere, and is discharged into a small 
Jj truck or w'nggon, V. The vapours which are evolved during the reburning of 

the charcoal are carried off by the pipe V. provided with a throttle- valve, W, 
into the chamber X, communicating with the chimney. The unpleasant 
consequences arising from the free escape of noxious effluvia are thus obviated. The entire 
arrangement is supported upon strong iron girders, Y, resting upon columns, Z, in the basement. 

Each uppamtus of two cylinders over one furnace is capable, in ordinary working, of reburning 
about 90 tons of animal charcoal n-wpek, with a consumption of about 10 tons of coal, or at the 
rate of only 1 ton of fuel to 9 tons of charcoal. 

Animal charcoal is prepared by calcining bones. The bones an 11 either placed in closed retorts, 
similar to those employed in the manufacture of gns for illuminating purposes, or, better still, in 
closed iron or earthenware pots, piled one above another in kilns, somewhat similar to pottery-kilns. 
Each pot contains ahont 50 lbs. weight of bones; apd the time required for the complete cal- 
cination of a charge is from fourteen to eighteen hours. The pots, after they are withdrawn from 
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the kiln, are kept closed for a time, in order to exclude the air ; and when sufficiently cool, tlieir 
contents are discharged into a magazine. The calciued bones, in the state of animal charcoal, are 

216 . 



subsequently crashed by passing them through rollers, which are grooved in order to prevent the 
formation of dust or fine j*owdcr ; the charcoal Wing required in a granulated state, and free from 
dust, for the purposes of the sugar-refiner. After being used some little time in the clarifying of 
surar. the charcoal loses its decolourizing properties : and. in order to restore them, it is subjected to a 
revivifying process, which consists in first thoroughly washing it, for the imqxwo of removing the 
saccharine matter adhering to it, and then allowing it to dry. When ary. it is placed in close 
vessels, or retorts, and rcenleined. On cooling, it is found to have almost entirely regained its former 
virtue. The immense consumption of animal ohnrrml in the purifying or decolourizing of sugar, 
about 70 tons of charcoal to 100 tons of sugar, renders the process of revivifying one of considerable 
commercial im)s>rtanee. 

In France, the returning or revivifying of animal ehnmml has long been carried on, but until 
very recently in a crude and imperfect manner, compared with the mechanical appliances which 
have been for some years brought to bear upon this branch of industry iu this country. Tho 
arrangement designed by L'respel-Delisse, of Arras, is shown in Fig. 217, whieh represents a transverse 
vertical section of the furnace, taken through 
two of a series of twenty retorts, placed side 
by side in pairs, and heated by one furnace. 

A is a brick -setting, and li the furnace, 
above and on either side of which are 
Arranged the inclined retorts, (’ C, set in the 
combustion -chamber I). These retorts are 
of a rectangular wrtion, and open at their 
upper ends on to the plate E, upon which 
the animal charcoal is spread for the pnr- 
jiose of drying it before it is shovelled into 
the retorts. Near the bottom of each retort 
is fitted a sliding door, F, which is kept 
shut whilst the rehuraing is going on, and 
opened to empty the retorts. The charcoal, 
as noon as the discharging-doors are opened, 
descends by its own gravity into closed re- 
ceivers, (i, where it is kept from contact 
with tho atmosphere until sufficiently cool 
to Is 1 packed. 

Each receiver is capable of containing one charge of tho retort ; and by the time the charge has 
sufficiently cooled, the succeeding one which has Wen introduc'd into the retort will be ready for 
discharging, consequently the process is almost continuous. From twenty-five to fifty minuh* are 
required for the rebum ing of each full charge of the entire series of twenty retorts, which, working 
day and night, give on nn average about one ton of nnimnl charcoal in the twenty-four hours. 
The cotisumptiou of fuel is at the rate of about one ton of eoal for five tons of revivified animal 
charcoal. 

When crucibles or pots are used, the gas evolved through openings left for that purpose readily 
ignites, ami so assists in the burning of the charcoal; the result being a probable saving of fuel, 
ns com] sired with the consumption when ordinary closed retorts, similar to gas-retorts, are 
employed. 

The first improvement of any note in the appliances for rehuraing nnimnl charcoal was 
effected in 1848 byj. W. Bowman, who introduced revolving retorts in lieu of stationary apparatus, 
whereby the charcoal, by being constantly agitated ami turned over during the process of rehuraing, 
is more readily ami uniformly operated upon, thus effecting a saving of both time nml fuel. Fig. 218 
shows a longitudinal vertical section of Bowman's arrangement. A is a cylindrical horizontal 
retort, which revolves in bearings formed in the two fixed end-plates B, rotatory motion Wing given 
to tho retort by means of endless chains, C, passing round large grooved pulleys, D, on each eud of 
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(he retort, and over corresponding pulleys, E, on nn overhead shaft, F, driven by steam or other 
power. Each extremity of the retort is provided with a door or cover, G, the front one of which it* 
so fixed as to be readily removed, 
and when removed, suspended by 
the chain, H, which passes over 
overhead guide-pulleys, and has a 
counter-weight suspended thereto. 

I is n tulxi in the back-cover, 
through which any vapours driven 
off from the animal charcoal may 
[mss away to a condenser. K is 
the fireplace or furnace for heating 
the retort ; and to prevent it acting 
too violently on the retort, fire- 
bricks or lumps, L, with openings 
in them, are iuterjxwcd l*etween 
the tire and the retort. M M are 
dampen for regulating the fire. 

Inside tin* retort aro fitted a num- 
ber of ledges. X, which, during the 
revolution of the cylinder, cause 
the animal charcoal to be deflected 
towards the centre, thereby effec- 
tually burning and regulating the 
contents whilst subjected to the 
aetiou of the fire. The flames and 
products of combustion have free 
play round the sides of the retort ; 
and as the latter is constantly 
revolving, it becomes uniformly 
heated. In using this np|tamtu*, 
a charge of animal charcoal is iu- 
trnduccd through the front door, 
which is then closed, and (lie retort 
set in motion till the charge is 
properly rebumt, after which it is 
withdrawn and a fresh charge in- 
troduced, the process being inter- 
mittent. 

The improvements in the con- 
struction and setting of revolving retorts for returning animal charcoal, introduced in 1832 by 
George Torr, are shown in Fig. 219. The sides and one end of the retort are contaimd within the 
combustion-chumticr; thus the end of the retort is heated by the flames which are allowed to play 
round it. 

Fig. 219 is a longitudinal vertical section of Torr's apparatus. The retort A is cylindrical, ami 
revolves on a horizontal axis. That end of the retort situated inside the setting has a boss formed 
upon it, which (lasses out through the set- 
ting. and carries a large grooved pulley, B; 
a corresponding policy being fitted on to the 
front end of the retort. From these two 
pullevs, endless chains, 0, pass over corre- 
sponding pulleys, I). on the shaft, E, by 
means of which a continuous rotatory motion 
is transmitted to the retort. F is a pipe for 
carrying oil’ the vapours, and G is a long 
plate fixed by arms, H, to the interior of the 
retort, for the purpose of turning over its 
contents. The addition of this plate alone 
makes a difference of nearly ten tons of 
charcoal in favour of Torr’s arrangement as 
rom}Hmd with Bowman’s. I is the coni- 
bustion-chamber, within which the retort 
revolve*, and which is separated from the 
furnace. K, by the fire - clay lumps, L. 

Openings in the roof of the chamber afford 
a communication with the flue, M, leading 
to the chimney. The charging and emptying 
door is hinged to the retort nt N. This 
process is also intermittent, ns the retort is 
stopped whilst being filled and emptied. 

In 1850, James Bryant obtained a patent for the use of retorts having a reciprocating or 
alternating rotatory motion on their axes, in lieu of a eoutinuons rotatory motion, us in Bowmnn 
ami Torr’s arrangements. Bryant’s retorts were constructed and arranged in a similar manner to 
Torr’s, with a space between their inner ends and the setting for the free circulation of the flume 
and gases from the furnace below. They were suspended at one or both ends by endless chains 
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passing over pulleys on b driving-shaft above, which shaft received an alternating or reciprocating 
rotatory motion by means of the “ mangle wheel ” or pinion arrangement, and consequently the 
retorts were made to reciprocate on their axes. The interior of each of the retorts was provided 
with ledges similar to Itowman’s, for the purpose of turning over ami deflecting the charcoal 
towards the centre of the cylinder. According to Bryant’s mode of setting, a number of retorts 
were ranged side by side, and their several actuating shafts were geared together, so as to work 
in concert, the first shaft of the scries only being driven by the reversing arrangement. 

The first arrangement rendering the process of retraining animal charcoal continuous was 
invented by Brinjes and Collins in 1858 ; the retorts, according to their system, being continuously 
charged at ouo end and emptied at the opposite end by the aid of an Archimexlian terete inside the 
retort. 



Fig. 220 represents a longitudinal vertical section of a portion of Brinjes and Collins’ arrange- 
ment. The retort consists of a longitudinal cylinder. A, which does not revolve, but is set 
permanently in the bride- „ , 0 

work, B. in such a manner . ~ 
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traversing the second retort, the charcoal it* again lifted up by a set of revolving vanes, O, and 
» litharge*! into the pipe, I. which conducts it to the closed vessel or receiver, .1, where it remains 
until cool enough to Ik- pnckul. By employing two or more retorts in connection with each other, 
and so arranging them that the lust, or that in which the oix*ration is completed, shall receive tho 
greuteat heat, whilst the first of the series, or that into which the charcoal is first supplied, receives 
the least amount of bent, a considerable saving of fuel is effected, bh the otherwise waste lent, after 
having ucted upon the lower retort, serves to heat the upper one, and thereby to gradually prepare 
the charcoal for the greater heat of the finishing retort. K is the upper surface or top plate 
of the kiln ujion which the chnrcfml may Ik- dried and then shovelled inti* the fetding-lmpp«*r, the 
plate l»eing slightly incline*! to facilitate this operation. Drummond, it appears, was the first to 
propose the use of two or more retorts placed one above another. 

In 1862, Torr obtained another patent for Rpfmmtus for manufacturing and robuming animal 
charcoal, whereby the process is carried on continuously, instead of intermittently, as in his first 
arrangement. 

Fig. ‘2*22 is a longitudinal vertical section of this subsequent arrangement. A is a revolving 
retort, placed horizontally, atal provided with an ArchimedUtti screw, B. in the interior thereof. In 
the interior of this cylinder, 
termed the “ main cylinder,** 
there is placed another and 
smaller cylinder, C, the axis of 
which coincides with the axis of 
the main cylinder, a apace of about 
1 inch lieing left between the ex- 
terior of the inner cylinder and 
the threads of the screw, B. This 
inner cylinder is open at both 
ends, and extends to within 6 or 
8 inches of the back end of the 
main cylinder, and projects al*out 
*2 feet beyond the front of it. It 
is secured to the outer cylinder, 
and revolves with it. 

An Archimettian trrnc is also 
formed inside the inner cylinder, 
but in the reverse direction to 
that of the main cylinder; and its 
pitch and depth must be in ac- 
cordance with the different dia- 
meters and pitch of the outer 
screw, so that the crushed liones 
or charcoal will travel with the 
same velocity and in a continuous 
stream through each cylinder. At the front end of the inner cylinder there is a stationary hopper. 
I), for supplying the bones or charcoal ; and to the front ends of the cylinders, A ami L\ is secured 
a revolving eooling-l*ox, E. consisting of a double drum of sheet iron, the inner drum having about 
the same diameter as the interior of the main cylinder. The outer side or face of this drum is 
clouts 1 ; but the inner side, next to the main cylinder, is left open in the centre to receive the 
contents of the cylinder, A, after being operated upon. A slide is placed between the inner and 
outer dram, for the purpose of discharging the contents from the inner into the outer drum, when* 
they are kept from contact w ith the atmosphere till sufficiently cooled to lie discharged from the 
outer drum, by opening another sliding door. In order to economize fuel, the waste heat from the 
furnace, F, after passing round the outer or main cylinder. A, and before pawing to the chimney, 
enters a brick chamber in which there is a revolving cylinder, G. bv preference of the sa nu- 
ll ia meter as the inner cylinder, C, and provided with an internal ArcAimalum screw attached to or 
cast on its inner surface. The crushed DOOM or charcoal arc fed Into the upper cylinder from the 
stationary hopper, 11 ; and, after traversing the length of tho cylinder, are discharged down the 
shoot ami hopper, D, which direct them into the inner cylinder. C. After traversing this cylinder 
in one direction, the charcoal is discharged at the inner end of the cylinder into the main or 
outer cylinder, and returns in the contrary direction, being iiually discharged into the revolving 
cooling-box. 

In 1864, J. F. Brinjes contrived an arrangement of horizontal cylindrical retorts, having a 
circular reciprocating, instead of a continuous rotatory, motion on their axes. Fig. 223 represents 
a sectional elevation of this arrangement. A and B are the upper and lower retorts ; the upper 
one receiving a circular reciprocating motion direct from a mangle wheel and pinion, or other con- 
venient contrivance ; and the lower one deriving a similar motion from the upper one by means of an 
endless chain passing over the end of tin? upper retort, and under the end of the lower one, 
suitable teeth or projections being furnished for taking into the links of the chain. These retorts 
arc contained in separate chambers above the furnace or fireplace, C, openings being made in 
the roof of the lower chamber communicating with the upper one, so that a free circulation of 
tho hint from the furnace is allowed to take place around both retorts lie fore it escapee by the 
passages, D D, leading to the flue, E, and chimney. In tho interior of each retort a number 
of internal flanges are fixed at regular intervals, and an opi ning is made in each flange of the 
series, such openings being in a line w ith each other, from end to end of the retorts — the arrange- 
ment so far being the same ns that shown in Fig. 223. Along this line of openings a rocking 
cranked shaft [nksscs, which carries a number of inclined vanes or plates, u, one in each of the 
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intervals between tin* flange*. As the cylinder* reciprocate round their axes, the cranked shaft*, 
with their vanes, turn over, partly by their own gravity, so os to reverse the angle of the 
vanes; and conmsiuently the char- 

wail, ns it fulls down the rising iffy 

side of the retort, will come in / 

contact with the vanes, and l>y > 

that means be deflected into the Jr 7f | 

adjoining interval. When the re- > j. d t j r 

tort reverses its motion, the vanes J * , J j- p 

turn over to the opposite angle, j I 4^—11 .7- , gal 1 

ii ml the charcoal is again directed |H | , ,r ^ 

by the inclined surfaces into the 1 fn 

next one of the intervals Is-tween \ T| j Mil lA] |J I (I |j II IT nfl 

the flanges, and ho on till it has ^ ^ [ J | ^ L L l l^ L L L «T HB 

travelled from end to end of tho m r Hfl. 

retort. I. is a transverse section f“ "VYF F r |WP» 

of one of the retorts, showing the , j ~t | lU 

different positions of their vanes I 1 H il ! rTTTflTl! IP jr **™ 

or deflectors. The charcoal i- /i rf f v ( 4- j q ! I 1 I M 

discharge! fmm the end of the J j % -M * !/] £r/' . mT 

up|M*r retort into a pipe, F. which _ U^ r ~~ ^Pa 

conducts it into the end of the \ZL/ i - Mf 

lower retort, through which it j c H 

travels as above described, and is j [jT ^ - i. J | 

finally discharged into a double *1 K t || 

revolving cooliug-l>ox, G. which is j j j 

kept cool by a water-jacket. The ~~ r " " ™ 

fi-eding-hoppcr is shown at H. It o|ien» out to a floor or platform above the retorts, whereby the 
charcoal can be readily shovelled into it. and is provided with a sliding door for regulating the feed. 
I is a pipe communicating with the connecting-pipe, F. of the retorts, for the purpose of carrying 
off the vupourand effluvia evolved from the chnrcoul and conveying it into the chamber. K, lending 
to the chimney, a throttle-valve in this pipe serving to regulate the draught to the extent required. 

ANXEALING-FUKNAC’E. Fk., Fonmeau a rdiuire ; Gek., AuA/o/oi, Autncdnneofrn ; ll'AL., 
Fomo da ricvtjcere ; SPAM., JJumo para templar vidrio. 

8ee FtR.NACES. 

ANN FLAK PISTON. Fit., Pis tan annulaire ; Gek., RingfUnnijer Kolhen; Ital., Stantujfo 
anulare ; Span., Fmbolo anular. 

See Details of ExnrNE*. Prwrs. 

ANTI-COIIKOSION. Fn., Anti-corrosion ; GtR., Geyen-Aetzuwj j Ital., Anticorrosivo ; Span., 
Aafi-oorroston. 

See Corrosion. 


ANTI-FRICTION METAL. Fn., M/tat pour eft mi niter U fmttement ; GeR., Jlcibung rerrnin- 
deruruj* Metal ; Ital., Leya di on/i/re^amcn/o ; Span., Metal para dinninuir el rozomiento. 

Buhbct’s metal is usually termed Anti-friction metal-, it is composed of 50 parts tin. 5 antimony, 
and 1 copper. See Alloys. An alloy of tin and pewter is often used as an anti-friction metal for 
the l>«*nrings of engines. 

Fenton’s anti-friction metnl is a mixture of tin. copjicr, and zinc ; it is lighter than gnu-metal, 
and of a soapy character, so that less oil or grease is required with it than with gun-metal. 

The anti-friction metal in use on mime of the Belgian rnilwnys is, in places exposed to much 
friction, composed of 20 parts copper. 4 tin, 0*5 antimony, 0‘ 25 lead ; ami for parts subjected to 
grent concussions. 20 copper, 0 zinc. I tin; for surfaces exposed to heat. 17 copper, 1 zinc, 0*5 tin, 
0 25 lead. Mix the hud-mentioned ingredients, and then add the copper. 

For the bearings of axles and journals, a coui|xmnd grease is often employed, and termed anti- 
friction grease. P. 8. Develin oil, which is comjKwed of hog's-lnrd and gutta-percha, when mixed 
with block-lead is termed auti-friction oil, and frequently used in the United States. 

At Munich a composition is usM consisting of 10*5 parts hog’s- lard, melted with 2 of finely- 
pnwdend and sifted black-lead. The first of these ingredients is gently molted, ami when liquid 
the black-lead is gradually added, the whole being stirred until the ingredients are thoroughly 
incorjioratcd, and until the mixture is quite cool. 

ANTIMONY. Fk., Ailltmome ; Gkk.. Antimonium, Sjnrtzylanz ; Ital., Antimonio ; Sp., Antimonio. 

The pro|iertica of antiwmy are in many respects distinguished from those* of other metals, 
particularly in its tendency to crystallize. When antimony is melhd in a |s»t ami suffered to cool 
ou its surface, and the fluid part then cast off, a mass of beautiful crystals remains in the not. 
Antimony is very brittle. It may Is* pulverized in a mortar. It is silver- white, and witli a 
brilliant lustre. It fuses at about 800 3 , or at n dull red heat, and volatile at white heat. Its 
specific gravity is 0*7. The metal in its pure condition is not in use, bat alloyed with other metals 
is much employed. The only useful ore of antimony is its sulphuret ; no other kind is obtained in 
sufficient quantity to la* smelted. 

The siuphuret of antimony occurs in mosses, consisting of crystalline needles, which are closelv 
united. It is of metallic lustre, of a grey colour, ami forms a grey powder. When gently heated, 
it turns black, or is iridescent. It is extremely fusible, and melts in the flnme of n candle with the 
exhalation of n sulphureous smell. After being heated. the powder is very black. This ore 
consists of 72'8d metal and 27’ 14 sulphur. Its specific gravity is 41 to 4-6. Sulphuret of anti- 
mony occurs in and near the veins of sjwirry iron-ore, with heavy s|*ar, blende, galena, quartz, and 
other minerals. Most of the metal in market is obtained from Germany. 
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Alloys . — All the antimony metal of commerce may be considered an alloy. It is never pure, hut 
contains iron in all instances. Antimony ami tin, molted together in equal purt^ form a moderately 
hard, brittle, but very brilliant alloy, which is not soon tarnished, and is frequently employed for 
small speculum* in telescopes. Of all the metals, antimony combine* most readily with {>otn*Hiiiiu 
or sodium. These alloys arc obtained by smelting the carlioiuie^ms com | tom ids of these* metals, or 
their oxides mixed with carbon. Tho presence of other metals, such a* copper or silver, does not 
diminish the affinity of these metals for antimony. The alloy thus formed of the alkaline metals 
and antimony is not easily evaporated by a strong heat. Arsenic and antimony combine in all 
prrqiortioiix, and form, unexpected 1 y, a tenacious alloy, which is very fusible, compact, and often of 
a granular texture. It has been remarked, in sjs-akitig of the alloys of iron, tlmt this metal alloyed 
with iron causes the compound to be extremely hard. Eighty parts of h ad and 20 of antimony 
form type-metal ; to this commonly 5 or 0 parts of bismuth arc added. Tin 80 parts, antimony 20, 
is music-metal : it is also com jk wed of 62 '8 tin, 8 antimony. 26 copper, and 3*2 iron. Plate-pewter 
also contains from 5 to 7 per cent, of antimony ; 89 tin. 7 antimony, 2 copper, 2 iron, is one of these 
compositions. Britaiinin-tixtal contains fluently an equal urnouut of antimony. Queen’s- metal 
is 75 tin, 8 antimony, 8 bismuth, and 11 lead. 

Uses of Antitwm}/.— Besides its employment in medicine, it is much used for forming alloys: of 
these, type-metal and anti-friction metal— which is type-metal with the addition of copper— arc 
those most used. Crude antimony is employed for purifying gold. 

Manufacture , — Tho smelting of this metal is very simple. It is easily revived from its ore, 
which, however, is attended with a heavy loss of metal. Tho crude ore is picked by haud : the 
pieces are broken to tho size of an egg; and, by means of a hand-liammer, the gnngnc, such as 
quartz, barytas, or carl ton ate of lime, is removed, The.N 0 pieces may la* heated in an earthenware 
pot, in the Ixrttom of which there is a small aperture. The sulphnrct of this metal, melting at a 
very low heat, will flow out from the ganguc, and may lte gathered in another pot set below. The 
operation used to be performed in this manner ; hut, as it is expensive, the ore is at present melted in 
a reverberatory furnace, similar to thnt shown in Fig. 224, tho hearth of which is very concave, ami 
formed of wind. In the centre of tho 
hearth, at its deepest part, there is a 
tap-hole which communicates with one 
of the long sides of the furnace. Tho 
ore, on K ing sorted, is spread over the 
hearth of tho furnace, and is there 
molted. The tap-hole is stopfxd by 
dense coal-dust while the reduction is 
going on. About three-hundredweight 
of ore is charged at once, mixed with 
iron-ore or hammer-sing, and heated, 
with an occasional stirring. Eight or 
ten hours are sufficient to finish one 
heat, after which the metal is topped, 
the scoria removed, and the furnace charged anew. 

Tho metal thus obtained is not pure. It contains iron, sulphur, arsenic, lead, and copper ; 
from most of these admixtures it may be freed to a certain extent, hut not entirely. This metal is 
refined by remelting it in crucibles, arranged on the hearth of a reverberatory furnace similar to 
the one sliowu in Fig. 225. The pots contain about 30 lbs, of metal, which is covered with coal- 
dust. These are exposed to a low, 
uniform hcHt for soma hours. Most 
of the metals are thus oxidized, and 
may bo removed after emptying tho 
crucibles. 

Tho smelting operation is in 
some instances divided into two 
manipulations ; the one, or first, is 
a process of liquefaction, in which 
the crude antimony is milted in 
vertical pipes, and thus separated 
from the ganguc, which remains in 
the retort while tho former filtrates 
through tho perforated bottom. 

In this operation much of tho 
antimony is lost. A part of it 
adheres to the ganguc, which in pool amounts to 25 per cent., and is never less than 10 per cent. 
Fart of the crude antimony also volatilizes, which increases the loss. This loss is, therefore, an 
important object where tho ore is exnensive : and it may be in most cases the best plan to stamp 
and wash it while crude, free from the rocky matter, and then subject it to reduction by direct 
smelting. The specific gravity of the oro is sufficiently great to remove the most of the ganguc. 
Metallic sulphurets of other metals than antimony, of course, remain with it. The crude antimony, 
or the concentrated ore-sand, is smelted with metallic iron, or iron-ore: and since it is difficult to 
add just as much iron as is required to absorb all the sulphur, and as too much impart* iron to the 
metal, tho practice is to add either carbonate or sulphate of potash, or soda, and also fine charcoal- 
powder, to the ore. One part of me tall ic iron to 2 or 2 • 5 parts of crude antimony, ought to absorb all 
the sulphur ; but when no other flax is present, about 20 per ceut. of antimony remains in the slags. 
By using 42 pArts of iron to 100 of crude antimony, with 50 carbonate of soda and 5 charcoal, nearly 
the whole of the antimony is revived. Instead of metallic iron, any kind of pure iron-ore may bo 
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employed with more charcoal : but its metallic content* should come near the above-named 
quantity. 

In refining the crude metal of antimony in crucibles, it in advantageous to soak the charcoal- 
powder with which the metal is covered, in a strong solution of carlsmato of h*1a. When the 
metal is not sufficiently pure after the first refining, the operation is repeated. In all the operations 
with antimony, a high heat must In* avoided, for the metal ns well as the sulphurot is very volatile. 

A fusible slug increases the yield of the ore. 

ANVIL. Fit., Enclumr ; lien., Am/*** ; Ital., Tucndine ; Span., Yunqw, Itiyomia. 

An auvil is an iron blnek, usually with a steel face, iijwui which uietals are hammered and 
shaped. The ordinary smith's anvil, Figs. 226, 227, is one solid muss of metal.— iron in different 

226 . 227 . 




states; C is the core or body; II, B, B, four corners for enlarging the base ; P, Fig. 227, the pro- 
jecting end ; it contains one or two hides for the reception of set chisels in cutting pieces of iron, or 
for the reception of a shaper. as shown at E. Fig. 226. In punching flat pieces of metal, in funn- 
ing the heads of nails or bolts, and in numerous other cases, these holes a, a, of ordinary anvils, 
are not only usefnl but indispensable. A is tho heak-hont, which is used for turning pieces of 
iron into a circular or curved form, welding hoops, and for other similar operations. In the 
smithery. the anvil is generally seated on the root-end of a beech or oak tree; the anvil and 
wooden block must be firmly connected, to render the blows of the hammer effective; and if the 
blnek Is* not firmly connected to the earth, the blows of the hammer will not tell. The best anvils, 
anvil-stakes, and planishing-hamraers. are faced with double shear-steel. The steel-facings are 
shaped and laid on the core at a welding heat, and the anvil completed by being reheated ami 
hammered. When the steel-facing is first applied, it is less heated than the core. But the proper 
hardening of tho face of the anvil requires great skill ; tho fueo must l*e mim'd to a full red-heat, 
and placed under a descending column of water, so that the surface of the face; may continue in 
contact with the successive supply of the quenching fluid, which at tho face retains the same 
temperature, as it is rapidly supplied. The rapidity of the Mow of water may he increased by 
giving a sufficient height to its descending column ; it is important that the cooling stream should 
fall perpendicularly to the face which is being hardened. Heat may escape parallel to the far**, 
but not in the direction of the fulling water. The operator, during this hardening process, is 
protected from spray and smoke by a suitable cover; and by confining the falling water to a 
tube which must contain the required volume. When an anvil is tola 1 used for planishing metals, 
it is polished with emery and croons powders. The skilful manner in which Henry Walker, of 
Red Lion Street, Clerkenwell, combines and carries out these apparently simple oj>enitions, in 
making anvils and planishtng-hnmmerH for silversmiths and metal-workers, gives him the reputa- 
tion he so well deserves j — to describe a process is one thing, but the execution requires practice as 
well as skill. See Fi llers. Shapers. Stkax-hamxxb. Upsetting- block. 

APERTURE. Fr,, Ouoeriure ; Geb., Otfnunq ; Ital.. Apertura ; Span., Abertura. 

In building, the term aperture is usually applied to doorways, windows, and other openings 
through the walls; the sides of a rectangular aperture are named u jtunbs;” the upper |iart, tho 
u head;” and the bottom part, the u till." 

APPROACHES. Fb., Approches; Gek., Zugang, Laufgrabcn ; Ital., Approcci ; Span., Aprochm, 
A toques. 

Works thrown up by besiegers, to protect them in their advances towards a fortress, are termed 
approaches. See Fortification. This term is also applied to those parts of a rood which are 
raised to suit the level of a bridge over a railway or canal. 

APRON, IN SHIPBUILDING. Fil, Eperon, Contre dtraot ; Geb., Binnrnvorstirrn, Ceberlavf ; 
Span., Afrit ana dr print, 6 eontraestrabe. 

The apron, also termed stomach-niece, is a strengthening compass-timber, which is bolted 
behind the lower part of tho stem,' and immediately above the foremost end of the keel. 

APRON. Fb., Jtadicr ; G ejl, Platform , fichktuaen Wtt ; Span., Zampendo. 

In engineering structures an apron is a platform of wood, stone, or brick, placed at the Iwise of 
the structure, to protect it from abrasion or heavy shocks. The platform which receives the water 
falling through the sluices of a lock-gate or emlxmkmcnt is called an apron; the* planking or 
platform placed at the toe of a sea-wall, to protect its base from the scour occasioned by the 
returning wave, is also termed an apron. 

An apron in carpentry is the horizontal piece of timber which takes tho carriage-piece, or rough 
string, of a staircase; ami also the ends of tho joists which form the half-space or landings. It 
should Ikj firmly wedged at both ends into the wall. 

In plumbers’ work, the aprou is the lend sheeting or flashing dressed on to tho slates in front 
of dormer-windows or skylights. 
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APRON-LINING. Fb., Contre^ffrate ; Gek., Binnenrorateccn ; Ital,, Fascia ; Si*A n,, Tmvesera 
para sostencr las hrgveroi de una nealera. 

Apron-lining, ah tltic* term impti«»«. is a lining placed outside tho npron. It is applied by the 
joiner to the piece of wrought boarding which covert the rough aprun-pieco of the staircase. 
APRON-PIECE Fb., {Wre^tnm ; m 

Gkr., Ilintu'u roratevm. 

See Aphok in Biilpixo. 

A. P. Fb., Sireau d* Amsterdam ; Gee., 

Amsterdammer Pege #. 

Tho letters A. P. are the initial letters 
of two Dutch words, Amsterdamsrh PeU, 
menning Amsterdam Level, and indicate 
tho Datum Zinc, or mean level, from which 
all surveys are made in Holland, Belgium, 
and in tho Northern ports of Germany. 

The A. r. is an imaginary plauc, drawn through the average high- 
water mark of the North and Zuidcrzeen Sms on the Dutch coasts, and 
derives its name from the circumstance of its having been adopted at 
Amsterdam from the year 1070. 

It was carefully revised during the present century, under the direction 
of tho Dutch Government; and in consequence of this careful revision, is 
the most accurately fixed sea-level. 

Figs. 228, 220. show the marks which are placed in various parts 
of Holland, to indicate tho height above or below A. 1*. 8e© Datum 
Line. 

AQUEDUCT. 

Span., Acueducto. 

A conductor, conduit, or artificial channel for conveying water, is termed 
an aqueduct. 

The Aqueduct of the Loch Katrine Waterworks, — The description of this 
aqueduct is taken fmru a paper by James M. Gale, published in tho * Pro- 
ceedings of the Institution of Mcchnnicul Engineers, 1864.' The length of 
this aqueduct is about 34 miles. The built and tunnelled part of the aque- 
duct is 22 miles long, ond 8 ft, high by 8 ft. brood ; sections of it are shown in 
Figs. 230, 231, 232. It has an inclination of 1 in 6330, as shown in longi- 
tudinal section. Fig. 233. and is capable of (wwing fifty million cubic gallons n-dny. The valleys 
of Duchray, Endrick, and Blanc, e f h, Fig. 233, which ore crossed by the line of aqueduct, and 


Fb., Aqucduc ; Qer., Wassericitung ; Itai.,, Acguedotto ; 
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prevent a uniform inclination Ixing obtained throughout, make up an aggregate length of 3j miles, 
mid arc passed by cast-iron siphon-pipes 48 inchi-s in diameter, with a mean fall of 1 in 1000 
between their extremities. These pipes deliver about twenty million gallons n-dny, and provision 
was made for laying two additional lines of pipes, at bridge's and other places where masonry was 
required, in order to increase the supply of water to the city wheu necessary. The first work upon 
the line of aqueduct, upon leaving Loch Katrine, is a tunnel through the ridge which separates the 



Reference .— <», River Clyde, h t Glasgow, r, Mugdnck Reservoir and 
Straining - well, d, Mugdoek Tunnel, e, Blnne Valley. /, Kmlrick 
Vnlley, g, Prutnmore Tuauel. A, Duchray Valley, i, Loch Katrine 
Tunnel, k. Loch Katiiue. 

valley of Loch Katrine from that of Loch Ard. Tho length of the tunnel is upwards of 1 ‘2.1 mile, 
and is at a depth of more than 500 feet below the top of the hill. Twelve shafts wen* sunk on tho 
line of tunnel, to facilitate the work, five of them being about 450 feet deep. The rock passed through 
by this tunnel, and by the greater |»urt of the first ten miles of the aqueduct, which is principally 
a series of tunnels, is mica slate, of the hardest description. Along the margin of Loch Chon, the 
work, at some of the faces did not progress more thau three lineal yards in a month, although it was 
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corned on night and day. The minor ravines in the first ten miles of the aqueduct nro crossed by 
aqueduct-bridges of iron. Besides o number of smaller ones, there are five extensive aqueduct- 
bridges of this kind, one of which, near Culgarton, is shown in Figs. 234, 285, 23t>. It consists of a 


wmnght-iron tube l. 8 ft. broad, and (»*5 ft. high inside, extending over the greater part of tho 
ravines, supported at intervals of 50 ft. by stone piers; ami a cast-iron trough, J, also 8 ft. broad, 
ami 6*5 ft. high, supjxurted on a dry stone-rubble embankment at either end of the wrought- 
iron tube I, extending over the remaining part of tho valleys, where the ground is not 
much depressed. The Imttora and sides of the wrought-iron tulxt I are $ in. thick, and tho top 
1 ^ r in. thick, the whole being strengthened by angle ami T iron. The plates of the cast-iron trough 
are f*in. thick, the dimensions of the largest being 4*5 ft. by 4 ft. ; and they are eonnoett'd and 
strengthened by flanges, with rust-joints. The level of the tube I is about 3 ft. lower than that of 
the east-iron trough J J at each end, so as to ensure the tube being always completely filled with 
water, in order that the top of the tube mav be kept at the same temperature ns the sides, and that 
the tube may not lx* racked by the strain which would arise from the top plates becoming heated by 
the sun, if the water were not in contact with them. That the tube may bo emptied at any time, for 



pointing or other purposes, a dischnrge-valve, K, Figs. 230, 238, is provided at one end of the tulxi, 
by which the water can be run off into the valley beneath. The junction between the wrought- 
iron tube and the east-iron trough is shown in Figs. 238, 230, and in detail in Figs. 240, 241. It 
is made by bolting the cast-iron trough to a cast-iron bed-plate, L, Figs. 237, 238, and to upright 



cast-iron standards, M M, Figs. 233. 240. at each side. The wrought-iron tube rests upon a bolster 
of vulcanized india-rubber, placed in a groove in the bed-plate L, and projecting sufficiently above 
the surface of the plate to allow for the requisite compression on the india-rublwr for making a 
water-tight joint by the weight of the tube bearing on it. without allowing the tube to come down 
to a bearing upon the bed-plate L itself. A similar india-rubber l*»lstcr is carried up each side of 
the tube, and compressed against it by oak wedges, the bolster and wedges being contained in a 
recess in the upright standards M M, ns shown in Figs. 239, 241. This arrangement leaves tho 
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wrought-iron tube free to contract ami expand longitudinally under change of temperature, without 
risk of leakage. The head* of all the rivets are countersunk for a short distance on each aide of 
the bearing parts of the tula*. The india-rubber bolsters are, l*»th at tho Imttoin and aides of the 
tube, 2 in. in diameter. They arc in sc para to pieces ; tho bolster under tho bottom extending 


*». 



from the wedge-box M on ono aide, to tho bock of the wedge-box on the opposite aide. The joints 
of the bolsters at the bottom comers are made by hutting the bottom ends of the vertical 1 tola tors 
upon the top of the transverse bottom talstcr, the lottom ends of the vertical bolsters licing slightly 
rounded out to fit the curvature of the Imttom bolster. Tho sale wedges are driven down tight on 

*40. in. 





the ends of the bottom bolster. There are three oak wedges in each wedge- box. M, Fig. 211. with 
an oak feather, or tongue, let in to break tho joints between the wedges, and to guide the centre 
wedge while ls*ing driven down. A flat atrip of india-rubber, l, is nlaced between the Isiek of tho 
wedge-box and the outermost wedge. Tho wedges were carefully fitted lieforo the feather-grooves 

* 42 . 


*43. 



were made, and were put in with thick wet paint in the joints ; the centre wedge was then driven 
down tn tighten up the india-ruhher Idolater against the side of the tube, and the a|taecs on either side 
of tho wedges in the standards M were filled with oakum and whito-lead. The above construction 
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of the iron aqnoduct-bridgos was the most applicable in the first portion of the aqueduct, as 
no pxxl building-stone could 1m* obtained within reasonable distance, and the roads were I sully 
suited for the carriage of materials. From the eleventh mile to the reservoir at Mugdock, how- 
ever, good building-stone was abundant, and all tile aqueduct-bridges in that district are therefore 
of stone. One of these is shown in Fig. 242, in elevation, and longitudinal section in plan. Fig. 243; 
and Figs. 244, 245, show transverse sections of the same. There ore, in all, twenty-five inqiortant 



iron and stone bridges, some of them of considerable magnitude ; and about eighty distinct tunnels, 
varying in length from 1$ mile downwards, ami forming a total length of thirteen mile*. Where the 
nquidurt was formed in open cutting, the ground was filled in and the surface restored, as shown 
in Fig. 232. At the cast-iron troughs of the iron aqueduct-bridges, and at the other bridges, tho 
waterway is covered with planking, ns shown in the sections of the Blairgnr aqueduct-bridge. Figs, 
244, 245, to prevent snow from choking the aqueduct. Grooves to receive stop-planks arc cut 
in the masonry of the aqueduct at intervals, and most of the bridges are provided with overflow 
and discharge sluices. The latter arc* similar in construction to the outlet sluices of the locks, but 
of smaller dimensions. The three valleys of the Duchrny, Endrick, and Blane, which are of great 
width and depth, the second being more than three miles wide, an* jmssed by means of the 48 in. 
cast-iron siphon-pipes, carried down one side of the valley to the bottom, and up the opposite side. 
These pipes have the ordinary spigot and socket joints ; a section of which is shown in Fig. 24(5, tho 
joint being made with lead, N, ami yarn, O. Some depressions on the line of these siphon- pi pea 
are crossed by flanged pij>es. support'd upon stone piers, 18 ft. a|mrt, as shown in Fig. 247, the ioint 
being made by a ring of vulcanized india-rubber, I‘, as shown in section Fig. 248. In the Knurick 
valley, two public nsuls, and the Forth and Clyde Kailway, arc* cross'd by these flanged pipes; and 
to supjxtrt the pipes over these greater spans, cast-iron brackets are put in, abutting on the ftono 
piers, which are thiekemd to receive them. The pipes an? further strengthened at these places by 
projecting webs cast on them, ns shown by the enlarged transverse section of the pipe. Fig. 237. It 
was found that the expansion and contraction of these long lengths of flange-jointed pipes under 
changes of temperature injuriously affected the socket and spigot lead-joints at each end ; and to 
obviate* this, a felt covering, about in. thick, was laid on all round the pipes, and protected from 
the weather by a tarpaulin cover, laced tightly over the whole. This lias the effect of almost 
entirely obviating the inconvenience that arose from the expansion and contraction. 

The service reservoir at Mugdock. Fig. 233, has a water-surface of CO acres, and is 50 feet 
deep, the top water-level being 312 feet above the level of the sea. It contains 548,000,000 gallons 
when full, equal to a supply for twenty-nine days at the present rate of consumption ; and thus 
admits of repairs being made upon the lino of aqueduct without interrupting the supply to tho 
city. The reservoir is entirely artificial, Icing formed by two earthern emlmnkments, 400 yards and 
240 yards long respectively. The water is first received from the aqueduct into a basin at tho 
upper end of the reservoir, from which it flows over four cast-inm gauge-plates, 10 feet long each, 
brought to a thin edge, into an upper pool or compartment of the reservoir having an area of about 
2 acres. The depth of water passing over the gauge-plates is regularly gauged, the delivery from 
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the nqueduet thereby computed, and the quantity of water passing every day into Glasgow is thus 
known. From the upper pool the water passes into the main reservoir over similar cast-iron gauge- 
plates. The water is drawn from the reservoir by pi|>es laid in a tunnel cut through the ruck in 
the solid, at the end of the main embankment, no pi|M« being laid tlirough the embankments 
themselves. At the end of the tunnel next the reservoir there is a stand-pipe with vulvce at 
different heights, which admit of water being drawn off at various levels. The water (Misses down 
the stand-pine and along a 48-inch pipe in the tunnel for a distance of about 50 yards to a circular 
straining-well cut in the rock. Water can also be drawn direct from the aqueduct or from tlio 
upper compartment of the reservoir into the pipes loading hi the city, without passing through 
the reservoir, by means of a line of 48-inch pipes laid through the Imttom of the reservoir from the 
stund-pipc back to the upper end of the reservoir where the uqueduct enters. 



263 . • 264 . 



The straining-well is shown in vertical section in Figs. 249, 251 ; and Fig. 250 is a sectional 
(dan. The well is 40 feet diameter and 63 feet deep, cut out of the solid rock. Within the 
straining-well, and forming an inner chamber of iietagonnl shnpe, 25 feet diameter, a series of 
oak frames Q Q, Fig. 249, is placed, covered with copner-wir© cloth of 40 mesht* to the inch ; 
these are held in the light cast-iron pillars It. which have grooves cast in them to receivq 
the frames. These wire-cloth strainers occupy only the lower part of the well, the b)hicc ahnvo 
being filled in with wood planking SS. up to tin- top water-level of the reservoir. The water 
passes from the outside through the wire-cloth strainers into the inner chamber, and is taken off 
thmee to the city by two lines of cast-iron pipes 42 inches diameter, as shown by the arrows. 
The water undergoes no filtration, hut in passing through these copper-wire strainers, any straws, 
or other ll«Miting matters, are *e|mrated from it. 

The pipes in the bottom of the straining-well arc provided with junctions ami stop-valves, as 
seen in the plan. Fig. 250, so ns to admit of the supply being drawn direct from the reservoir, 
while the strainers are being cleaned ; which latter is done by emptying the well, and throw ing a 
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jot of wnter upon tlio strainers from tho inside outwent*, by ft leather hose with the head pressure of 
(ho reservoir, the foul water being carried off by a tunnel through the rock. The frames Q Q 
carrying the strainers can also be raised to the top of the well and taken out for re|>airH, by being 
drawn up through the groove* in the cast-iron pillars It. in which they nre fitted. The top of tho 
straining-well is roofed in and partly covered with glass, as a protection to the working goring 
of the stop-valves. These? valves nre each divided into two halve*, affording together a waterw r ay 
of the full diameter of the 42-inch pijtna. Koch half f>f the valve is o|wrod and shut by an iron 
rod. jm**ing up through a cast-iron pi)**, and terminating at ft convenient height above the water- 
level in a long brass nut. into which works a stationary iron screw, ttmanl bv a crunk and l«owl- 
whoela. The two lines of -12-inch pipes laid in the tunnel, leading off from the straining-well, will 
deliver the whole 50.000.000 gallons a-dnv ; but on emerging from the tunnel, which is HO yards 
long, they are diminished to 36 inches diameter, and provision is made for additional pipe* i>eing 
laid when required. At the point where the pipe* are minced to 36 inches diameter, a self-acting 
throttle-valve is fixed on each line of pi(M*s, the object of which is to shut off the water coming 
from the reservoir in the event of one of the pipes bursting, or any other accident occurring whereby 
the velocity of the water in the pipe is increased beyond that to which the valves are adjusted. 

At intervals along the line of the mains to Glasgow and at several point* in the city, stop-valves 
are fixed in the large pipes, one of which, for a 3*>-in. pipe, is shown in Figs. 252, 253, 251. To admit 
of these valve* bung easily closed or ojwcued, the slide is divided into two compartments, T and U, 
one being considerably smaller than the other. The smaller slide, T, is the first opened, and tho 
passage of the water through this opening so much reduces the pressure uj*m the larger slido U, 
that it can Is? ofs'nod with esse ; the valve is thus easilv worked by one man. To economize tqmce, 
which is an object where large valves have to Is? placed in public street*, tin* total effective area of 
the valve has been reduced, in the rase of thea? 36-inch valves, from 7 *q. ft., the nrca of the pipe, to 
■1 j wp ft. : the smaller alkie. T, having an area of 1 sq. ft., and the larger. U, an area of »q. ft. 
To prow this contraction with the velocity that the water in the pipes will have when the dischargo 
is greatest, the loss of head will l*e from 4 to 6 inches ; bid this loss is more than compensated for 
by the economy of the valve and the mi net ion in the dimensions of all the parts. 

The Washington aqueduct, constructed for tho purpose of supplying to Georgetown and 
Washington, l'.8. water from the river Potomac, at a point eleven miles alsive the lnst-mentioued 
city, consists for the greater jwrt of its length of a masonry 9 feet in internal diameter. 

The fall of this conduit average* 9 in. per mile, its length being 11 ^ miles. The total length 
of the aqueduct is 16| miles, and it is cajsible of supplying to the town rrsemnr 100.006,900 
gallons ndav. In carrying out this work, all unnecessary expenditure has berm avoided by 
constructing its parts in os simple a manner os ]>OK*ihlc ; thus tho various water-gates and 
pijs-vault* have, in most rases, been arranged within the imtHoury embankments; and thus, 
whilst most of the fittings are out of the reach of fnwt, much of the expense, which would have 
been incurred by the erection of gate-houses, and so oti, above ground, has been saved. The 
aqueduct-bridge over Cabin John Creek, on the line of the conduit, from the source of supply 
to the receiving reservoir, is shown in Figs. 255, 256, 257. It is a stnne-arrlmd bridge, its 
clear span is 220 ft. The nreh is an are of a circle of 134 '2852 ft. radius, and its rise is 
57 • 2**24 ft. Fig. 255 is n wide elevation; Fig. 25*5, longitudinal section ; Fig. 257, sectional 



»prinsinc* an. 1 ft. 2 in. at tho 

rn.an. IliiUnlf «lil< tMUnn M |W| i I 1 . ' Tl 

anotlirr nr arrh.,1 .tnno,, 6 f|||§ i f > r]*, MST 

which make up the total thickness ^t'lV r 

of areli at the springing* to 2*1 ft., ^^^^w^i | {l!lVl l l| 

this thieknes* diminishing tnw*Hrds I 

the crown, Tho width of the hridgo | I $8 Mo 

on the face of tin- arch is 20 ft. 4 in. 

The ubiitini'iits nre formed by tho | - 

solid rrs’k on each salt* of the creek ; 

the face of this nek l>eing M- p|wd down. ns shown in Fig. 256. and tho V A ..l 

step* rill*-* I in with concrete, on which the footings of the arch U-d. The 
rliniiiit l through which the water is convoyed consists of a conduit of 
circular section. 9 ft. diameter inside and 9 in. thick, this conduit l**iug 

imbedded in the masonry of tin? bridge. The haunches and Abutment* of 

the bridge nre lightened by rtlierituj itreiki, of w'hich there are five on the 
western and lour on the* eastern side, extending through half the thickness of the bridge. The 
centering on which the arch was constructed was sup|»nrtod upon temporary piera, formed in 
the bed of the creek, as shown in Fig. 256 ; the vertical timlierg bearing u|>on these piers, ami the 
bracing connecting them, carrying a series of struts radiating to the lines of timbers beneath tho 
laggiiig-butuils. The key-stone was inserted in mid-winter, and the centre was not struck until 
some ten or twelve months later. The rise of temperature lifted »t times the arch of tho 
centering; but when the latter wo* removed, careful observations were mode without auy 
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Works and disports on jiqutduris : — Tower's (F. B.) ‘Croton Aqueduct,’ royal 4 to. New York, 
1813. Fontenay (T.). ‘Construction des Yiaducs, Fonts,’ 4c., 2 vols. 8vo, and * Atlas,’ in 4to, 1852. 
Cautley (Sir P. T,), ‘ Kejjort on the Ganges Canal Works,’ 2 vols. 8vo, 1 vol. 4to, and Plates in 
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folio. 1800. Becker, ‘Per Wwwrbaa in seinem ganzen Um&nge,' 1801. Birot (F.), ‘Gaiilo 
pratique du Conducteur dea Ponte,* &c., 2 vole., 12mo, Paris, 1862. Hagen. 4 Ilnndbuch der 
W&sscrbau Kunst,' 18*13. ‘On the Loch Katrine Waterworks,’ by Jus. M. Gale: Proceedings 
Inst. M. K., 180*. Moncrieff (<J. C. Scott), 4 Irrigation in Southern Kurope,* 8vo, 1868. 

See also:— Bclidor, ‘Architecture Hydraulioue.* Dulaistre, ' Eucyclop&lec de Plngcnicur. 
Minimi, * Gonrs de Construction.* ‘ Life of Telforu,’ 4tn and fob Hganzin, * fours de Construction.* 

ARCH. Fr., Arche, cintre ; Ger., Hojen, (Sew tithe; Ital., Aren; Span., Arco. 

An orcA is a form of structure in which the vertical forces due to the weight of the materials of 
which it i» composed are transmitted to the supports or abutments in a polygonal line, usually 
term**! the “curve of equilibrium,” from the fact that it becomes a curve when tho arch-stones are 
infinitely numerous. 

Arches are named from the curve or outline of the under-surface presented by a section tnkcu 
at right angles to the axis. Thus, an arch whose outline is a semicircle is called a “ semicircular 
arch." and one formed to an elliptical curve is culled uu “ elliptical arch.” Figs. 260 to 273 show 
the forms of arches usually constructed. 

2M. 



Three-Centre Arch. Parabolic Arch. Pointed Arch. 



Straight Arch. Cambered Arch. Groined Arch. 

Where two arches intersect, they are called 44 groined arches.” 



Filling Arch. Skew Arch. 

Where the opening at one end is less than at the other, ns in Fig. 263, the arch is allied a 
“ fluing arch.” 

The terms “ gauged ” and “ axed ” are applied to brick arches when the bricks are gauged or 
axed to shape. 

Where the axis of an arch is oblique to the face, it is culled a “ skow arch.” 


Relieving Arch. 


Trimmer Arch. 


Inverted Arch. 


Arches are also named from the use to which they are applied, as 
built under the hearths of fire-places, Fig. 271. 


“ trimmer arch,” usually 
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u Relieving arch,” when placed over a lintel or brossumraer to roliovo it of tlio weight of tho 
wall above. Fig. 272. 

“Inverted arch/* when placed under an opening or spaco to distribute the pressure of tho walla 
over a more extended area. 

The parts of an arch are named a* follows : — 



I'xtrados . — The outer surface or back. 

I nt rados . — The inner surface or M soffit.” 

Crown . — The upper part between the oxtrados and intradw. 

1 launches , — The flanks or sides between the springing and crown. 

Vovseoir*. — The stonea or blocks, a a, Fig. 274, of which the arch is formed. 

Keystone . — The highest or middle vouasoir ui the crown, as 6, Fig. 274. 

Summering Lines . — The radiating line* corresponding to the direction of the bed-joints of the 
vouwoirs. 

Springing , — The level or point of the intrados at which the arch 
joins the piers. 

S pandr il. — The part between two arches springing from the same 
pier, or lie tween the back of an arch and a perpen- 
dicular line erected from the point where the extradoa 
commences at the springing. 

The width between the piers at the springing line. 

Rise . — The vertical distance between the crown and springing. 

Skercback . — The port of the pier on which a segmental arch rests, or 
from which it springs, as a, in Fig. 275; the lower 
bed being horizontal, to correspond with the joints of the pier, and the upper bed 
inclined towaids the centre of the arch to correspond with that of the vouasoir*. 



An arch derives its strength from tho fact that, if tho ends are prevented from spreading, its 
curve cannot Ik* shortened except by tho crushing of tho materials. Hence it is obvious that there 
are tvo conditions at least w hich are essential to tho stability of an arch — immobility of tho sup- 
ports, and sufficient strength in the materials to resist crushing. Another condition of equal 
importance is, that tho arch should have sufficient thickness to contain its curve of equilibrium — 
when all these conditions are fulfilled, the arch is said to be ttable. 

No writer has (impounded a theory by which theproper thickness of an arch at the crown can 
be obtained so as to be of any use in practice. The question involves tho depth required for 
equilibrium, as well as to resist crushing. English engineers, for the most part, adopt an empirical 
formula, due hi J. T. Hurst, 4 Building News.’ Feb. 27, 1857, and given in Rankinu’s work on 
* Civil Engineering,' but in a slightly modified form. 

If I) = the depth or thickness of the arch at the crown, R = the radius of curvature, and C = 
a constant depending on tho nature of tho material, we havo 

D = C \'ll. 

For Block-stono .. .. C = O’ 3. 

„ Brickwork in mortar „ =0-4. 

„ Rubble-stone in mortar „ = O' 45. 

Where the brick or rubble work is built with Portland cement, a lower value of C may bo 
taken, but to what extent there are no experiment* at present to show. 

For elliptical or other arches, with a varying curvature, R may be taken to represent the radius 
at the crown. 


In a straight arch, D should equal C Vs + j.,» B being the span of the arch. 

According to theory, having obtained the mmi'mtan thickness If at the crown for an arch in 
equilibrium, the thickness at any other point, to prevent the arch from blowing up at that point, 
D V s 

owing to the thrust, will equal V and c being the rise of the arch at the crown, and at the 


point for which the thickness is required, respectively. 

The force of an arch tending to spread, or to thrust out its abutments, is usually resolved, at 
the springing, into a horizontal direction, termed the “ horizontal thrust,” and is equal to that at 
the crown when the arch is in equilibrium. 

Various theories have been advanced with the view of determining the value of this force, but 
most of them are useless to the engineer, from the difficulty involved in their application to practice 
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— some fkvil from the incorrectness of the data on which they are founded, and others because they 
seek a form of structure to fulfil the theory, instead of adapting the theory to the form required in 
practice. 

When the thickness and loading of an arch have been properly determined, the horizontal 
thrust can generally be found with sufficient accuracy by assuming that the tendency of the arch 
is to separate at the crown and springing, whence 

If G = distance from the springing to a vertical line drawn through tho centre of gravity 
of tlie half-arch, 

V = rise of the arch, 

W = weight of half-arch, 

P = tho horizontal thrust in tho same terms as W, 


then 


P _ w « 
V- y . 



As the centre of gravity is tedious to find, particularly in an arch extrndossed to a horizontal 
line, the following method will sometimes bo found convenient. Divide the half-arch into say four 

equal parts, and call their respective weights. W, , W t , W $f and W 4 , 

ns in Pig. 270. Conceive the centre of gravity of each point to be 
in a lino drawn vertically through the middle, then tho moment of 
each part tending to overset the pier will bo tho weight of the pert 
multiplied by tho horizontal distance of its centre line from tho 
springing; and if we take the width of each of the parts = 2a, 
and the rise of the arch added to half its depth at the crown = r, 
the horizontal tlirust will bo nearly 

r _W, fl+W,3a.fV < 5fl.|.V,7fl 
r 

The abutnu-nt, Fig. 277, is the part which supitnrtx ami takes the thrust of an arch. It is subject 
to three conditions: — 1st. It should sustain the weight of the arch without crushing. 2nd. There 
must be sufficient adhesion between tho courses of masonry to resist 
tho teudency to slide. 3rd. It should be of sufficient tliickness to 
resist the thrust of tho arch without overturning. 

Tho use of granite, the harder limestones, or sandstones, fulfils 
the first condition in most cases. Tho second may be attained by the 
use of dowels, or a good hard-setting cement. When dowels are 
Hied, they are usually of copper, iron, or slate, from 1 to 2 inches 
square, and from 4 to 6 inches long. To fulfil the last condition wo 
must resort to calculation as follows : — 

Lot II = height of abutment, 

T = tliickness of ditto, 

P = horizontal thrust of half arch, 

W = weight of ditto, 

C = weight of a cubic foot of tho arch and abutment. 



We have PH = ^ +WT; or, T = \/ + (q U ) - . 

This formula gives the nett thickness of abutment to resist tho thrust of the arch, on tho 
supposition that the weight of the half -arch W acts on the inner edge of the abutment, instead of 
through the centre of gravity. In practice safety is attained by adding counterforts or wingwalls 
in addition to the thickness attained by the formula. 

See Bridge, Construction, Dome, 

Works on Arches : — Atwood (G.), * Dissertation on the Construction and Properties of Arches,’ 
2 Parts, 4to, 1801-1801. Gauthey (E. M.), ‘Traite do la Construction de* Pouts,* 3 vols., 4to, 
Paris, 1809-1816. Ware (8.), ’Tracts on Vaults and Bridges,’ royal 8vo, 1822. Gwilt’s (J.) 
‘Treatise on the Equilibrium of Arches,’ 8vo, 1839. Scheffler, ‘Theorie der Gewolbo und 
Futtemzauem,’ 1857. Woodbury’s (Capt. I). P.) ‘Treatise on the various Elements of Stability 
in the Well-proportioned Arch,’ 8vo, New York, 1858. Cavalli (G.), * Memoria sul delineamento 
equilibrato degli arebi in murato,' 4to, Torino, 1859. Breymanri, * Bau Constructions,’ Lehvo, 
vol. i., 1800. Bland (W.), ‘On tho Principles of Construction in Arches, Piers, Buttresses,’ dec., 
12mo, 1862. 

8ee also: — Rnndelet, ‘L’Art de Batir.’ Sganzin, * Coura de Construction.’ Robison’s 4 Mecha- 
nical Philosophy.* Hnnn and Hosking, ‘Theory, Practice, and Architecture of Bridges.’ 

Arcuimbdian Scrrw, for raising miter. 

ARCHIMEDI AN SCREW. Fr., Vis iTArchimcde ; Oku., Archimedische Schranbc ; Ital., ViU 
(TArchimcde ; Span., TomiUo de Arquimedes. 

If, upon the surface of a cylinder, a Mix of several spirals la? traced, so that in a groovo cut 
according to this curve are set small plates, nil of the same height, and joining well upon each 
other, the combination will present, as it were, the thread of a screw, perpendicular to the surface 
of the cylinder, and <>f uniform thickness. A screw so formed, covered with a cylindrical envelope 
of staves, will constitute an Anhimsdian screw; for raising water. Its envelope with tho barrel, tho 
plates forming the thread of tho screw, will be the steps, and the solid cylinder the newel, or core; 
tho space comprised between the newel, the barrel, ami tho thread, will form a helievidai canal. In 
the common screws, three equidistant blocks, or threads, are placed upon the same newel, and con- 
sequently three canals. The diameter of the screw, which is the interior diameter of the barrel, 
varies from 1 ft. to 2 ft.; that of the newel is a thin! of it; ami tho length of the screw is from 
twelve to eighteen times tho diameter, as the strength may require. The angle made by tho helix 
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with the axis, or rather with a right line traced upon the nnrrl, and consequently parallel to the 
axis, has undergone great variations. The Romans made it but 45 5 ; at Toulouse, fn>in plans 
obtained from Ilollaud, it is made about 54°; constructors at Paris generally make this angle 60°: 
ami Eytelwein. in a small screw, carefully made, went as high as 78°. At the upper extremity of 
the axis there is a crank, and at the lower is a pivot, which is received in a socket, embedded in 
ouo of the small sides of the frame of the machine. If we place an Arehiintdian screw thus con- 
structed in a body of water, giving it an inclination leas than that of the helix upon the axis, which 
is usually from 80 3 to 45 oiul impress upon it a motion of rotation, in an opposite direction to that 
of the helices, the inferior orifice of the canals passing in the water will draw up a certain quantity, 
which will rise from spiral to spiral, and will issue at the upm-r orifice. The screw is particularly 
adapt'd to the draining of water from places where we wish to lay, unobstructed by water, the 
foundations of any hydraulic structure, such as the pier of a bridge, or a lock. 

Its simplicity, the small tqrnce it occupies, the facility of tramqiorting and setting it up, ns well 
as that of setting up many at the same place, cause* its use to lie very general in such drainings, 
and give it a preference even over other machines which have advantages in other respects. 

For greater simplicity, let us take a screw. Fig. 278, formed by a tube, bent and wound round a 
cylinder. We first place it horizontally ; if, through the orifice at the base, we introduce a bullet, 
in rolling, as upon an inclined plane, it will advance 
towards the other extremity of the tube, and it will 
stop upon the lowest point of the first spiral. By 
turning the machine, the point oil which it rests will 
be raised ; it will leave it, and, as if descending, it 
will pass to the following point, and in succession to 
the others, remaining always at the same level, but 
advancing towards the outlet of the tube, which it 
will finallv attain, and pass through it. Now, incline 
the machine a little, end again introduce the bullet 
through the lower eud ; it will still settle itself upon 
the lowest point of the first spiral, when it will bo 
raised by means of the motion of rotation, and will 
i mss upon the following one, which will also be raised, 
out in a less quantity. In this manner, by a movement 
at once progressive and ascensional, it will gain the 
upper outlet : it will have risen by descending, the plane on which it rested rising more tluin itself. 
If the inclination of the screw had beat such that tho helix should present no point lower than 
that upon which the bullet is first placed, it would have continued to remain there. Finally, if 
the inclination hod been still increased, the bullet could not have entered it; and if it had been 
introduced through the upper orifice of tho tube, it would have descended in following all the 
windings, and have issued through tho lower orifice. 

What wo have said of tho bullet applies equally to tho water which enters through the base 
into the spiral tube. It will flow to the lowest point of the spiral ; it will then rise on both sides, 
in the two branches, to the level of the most elevated point of the branch of entry. The arc of tho 
spiral, containing all the water it can then admit, is the htjdwphnric arc of the screw. If, after the 
first spiral is fill'd, we make a revolution of tho machine, tho water it contains will advance, like 
the bullet, with a double motion, progressive and ascensional, and it will be found in the hydro- 
phoric arc of tho second spiral ; it will be replac'd in the first by a new and equal quantity of 
water. In tho following revolutions, these two bodies of water, as well as those which follow after 
them, will ascend from spiral to spiral, even to the orifice of exit. Thus, at each revolution, tho 
screw will evidently discharge a quantity of water equal to that contained by the hvdrophorie arc. 

Rut for this purpose, the base of the screw should be plunged in the well a certain quantity. 

It should be at least so much submerged flat the mouth of the holieoidnl tube, after having 
travers'd in its rotation the water of the well, on its arrival at the surface, shall be found at the 
summit of the hydrophorie arc of the first spiral ; then this arc will be entirely filled; and it is 
evident that it could not be so if the level of the reservoir wns below this point, whose position 
we shall soon determine. When the mouth, in pursuing its rotation, shall have passed this level, 
the atmospheric air will enter in tho tube, will take the place vacat'd by the water, and at the end 
of the first revolution it will fill the upper part of the first spiral, thnt w hich is above the hydro- 
phorie arc. It will be the same with the follow ing spirals ; the water and the air will be then 
disposed as indicated by the figure ; each of the columns of the former fluid will be entirely sup- 
port'd by its spiral ; it will not exert any pressure ujx*n the inferior columns, and throughout the 
air will have the some density ns that of the atmosphere. 

It w ill not be so if the level of the well should l»e rais'd above the summit of the hydrophone 
arc, even though the orifice of the tube may Ih‘ found, in some portion of its revolution, outside the 
water. The air, it is true, will be introduced among the spirals, but the water will occupy more 
than the hydrophone arc ; it will rise, in the ascending branch, alwvc the summit of this arc, that 
is to tmv, above the summit of the descending branch ; it w ill bear upon the inferior column with 
all this excess, and will compress the air comprised between thnt nnd itself. Often this air, striving 
to regain its density, traverses the column which is above it. On the other baud, and by reason of 
the movements which take place, and of the irregularity with which the water and the air are reci- 
procally disposed, the last of these fluids mny be found rarefied in certain (tarts ; and wo may see the 
atmospheric air introducing itself in the tube, passing briskly through the water of some spirals, and 
going to establish the equilibrium ; these shocks and irregular movements diminish considerably 
tlie product of the machine. 

Finally, when the hose is plunged entirely in the well, the air cannot enter the screw; nothing 
but water can enter there. It the velocity of rotation be very great, the centrifugal force resulting 
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from it may raise this water, and cause it to bo discharged through the upper outlet (see Tthdiwe). 
But with a leas velocity, the water will only reach a certain height in the tube : forming a con- 
tinuous whole, it will press, with all the weight due to its vertical height, upon the orifice of entry, 
and will thus counteract the centrifugal force. In great machines, the air which is already in the 
helieoidal ducts, and that which arrives there through the upper opening, also produce irregularity 
in the motions, and the diminution of the produet already alluded to. When, however, the canals 
arc very large, and the machine is properly disposed and inclined, the exterior air arriving without 
commotion in all the spirals, these inconveniences no longer occur, and we obtain nearly the usual 
product. 

Eytelwein. who made a particular study of the movements of water in different kinds of 
screws, published a series of exfieriiuents which show the bad effect of a tr*o great or too littlo 
submersion of the hast! in the water to bo drained; at least, for screws with 
small ducts. We give here some of the results obtained. He was provided 
with a model of a screw made with great care; it was 0-512 ft. in diameter 
and 3*608 ft. long: it had two helieoidal ducts, intersecting the axis at an 
angle of 78 c 21”, and having, in the direction of the radius, a height of 0*138 ft. 

This screw was placed in a reservoir, in an angle of 50 to the horizon ; and 
when it yielded the greatest product, the level was 0*012 ft. above the centre 
of the ha^. In the first column of the annexed Table, the height of the water 
atiove or t»elow the centre of the Imse is indicated; ami in the second, the 
volume of water raised at each revolution. 

Though the Archimedian screw is simple in its character, still there is no 
theory to be found for the machine as it is now used. The essays of some 
learned mathematicians are far from enabling us to determine its effects 
exactly. That which Bernoulli and most authors have given, applies only to 
the ease, now- out of use, of a tube, with a very small diameter. relied spirally 
round a cylinder. We make an elementary exposition of the principal features 
of it, both to guide our first impressions upon this subject, and to avoid leaving a gap in this work. 

Let AMUN D, Fig. 279, in* a vertical projection of the axis of the helieoidal tube, wound round 
the cylinder ABED, and the circle a nbma a projection of the base of the cylinder, upon a piano 
perpendicular to its axis. Through the point F of 
the arc A M M' C draw the tangent G H ; it will 
make with the edge Ol an angle I F H, which we 
designate by a ; and through the extremity B of 
A B draw the horizontal B K, the angle E B K, or 
6, will measure the inclination of the screw. 

Let us determine the length of the hydrophoric 
arc MCN. 

And first, the height L P of any point L of tho 
helix, above the horizontal plane B K. Project 
L at / upon the circumference of the circle of the 
base*, ami draw the horizontal /r, we shall have 
L P = L r -f r P. For greater simplicity, make 
the radius ou = 1 ; designate by a the length of the 
arc A /( = of); the angle which the helix makes 
at A with the plane of the base, being the comple- 
ment of a, we shall find hr = L/ sin. b ss A / 
cot. a sin. b = a cot. « sin. b. Wo shall also have 
rp -li/r/li cos. bzzsbc ns. 6 j= (1 -f- cos. o) cos. b. 

Then L P= a cot. a sin. b 4- (1 -f- cos. «) cos. b. 

The summit or commencement of the hydrophoric arc of the spiral A C I) will be at M. the 
most elevated point above B K. It corresponds consequently to the maximum value of L I*. Differ- 
entiating the above expression, equalling the differential to zero, we have sin. a = cot. <i tang, h; 
which gives the value of the arc a, or d m, for the case of the maximum. Calling m this particular 
value at the point 51, we have for tho height of this point above B K, m cot. a sin. b -f (1 -f cos. m) 
cos. b. 

If through 51 we imagine a horizontal plane, the point N, where it intersects the ascending 
branch of the spiral, will be the end of the hydrophoric arc ; since tho commencement and tho end 
should have the same level. Project N upon the circumference of the base ; it will fall ujioii the 
point n ; call n the are bn ; the are of the circle a r»i b n, corresponding to the are of the helix 
A 51 C N, will he » + a : and for tho elevation of N above tho horizontal plane jsissing through B, 
we shall have (x -f h) cot. a sin. b -f [1 + cos. (x + hVJ cos. b. 

This elevation should be equal to that of M. Making the two expressions equal and reducing, 
we have (x -j- nl sin. m + cos. (x + n)-m sin. m + cos. m; an equation from which we may deduce 
the value of n, by means of successive substitutions. 

This value being found, we shall know the arc mbn corresponding to the hydrophoric arc 51 CN. 
Bnt an arc of the helix is equal to an arc of tho corresponding circle, increased in the ratio of tho 
radius of the tables to the cosine of the angle comprised between the two arcs, that is to say, 
divided by this cosine. Hero the arc of the circle is x — m -f n, the angle comprised between tho 

two are* is 90° — a: the length of the hydrophoric arc will then bo l arK b for a cylinder 

whose radius is r t t-f s-w 

sin. a 

If s is the section of the helieoidal tube, the volume of water raised nt each turn of the 
screw will be the above expression multiplied by i. 



Height 

of 

Level. 

Product 
jut Invo- 
lution. 

ft 

cnh. ft. 

*400 

0 008 

•iso 

0-009 

*082 

0-009 

*049 

0 010 

*041 

0012 

032 

0*011 

•016 

0011 

019 

0010 
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Calling N the number of trims made bv the screw in a given time, L its length outside of the 
water, and observing that the height of tbe elevation is L siu. 6, wo aboil have for the value of 
the useful effect, during this time, 

xr i / , . «n. b 

NLiriffN-m) . • 

v 7 sin. a 

The expression sin. m = cot. a tang. 6, obtained bv differentiating, and making equal to 
zero the general value of the elevation of any point of the first spiral, answers equally to the case 
of maximum and minimum ; it gives the snudlest as well as the greatest elevation. Moreover, the 
sin. m applies as well to the Hrc a m' as to the arc a m, by taking bm* = a m. Consequently, if wo 
project the point m' upon the hydrophone arc, M', which is its projection, will be the lowest part 
of the arc, as M is the highest jwint. 

The expression cot. a tang. 6, representing a sine, cannot exoeed 1. When it is equal to it, tho 
arcs urn and •im' will become no 1 ; the points M and M* will I*? merged in the point F; there 
will no longer bo a hydrophoric arc, and no more water raised. But cot. a tang. 6=1 gives 

tnng. 6 = — £ ■ ~ a i = tang, a or 6 = a; that is to say, that when tho angle of inclination shall ho 

equal to the angle made bv the helix with the edge of the cylinder, the discharge will cease ; it is 
necessary, then, in order that it may take place, that the first of these angles should be smaller 
than the second, as we have already remarked. 

That of tho values of 6 giving the greatest effect is impliedly embraced in the above expression 
of effect. For the same screw, moved with the same velocity, there will bo no variable in this 
expression but Min. 6 (* -f- n — rn), and it will be necessary to determine the value of 6 which will 
render this quantity a maximum. 

From what was said at tho commencement of this article, in order that the hydrophoric arc 
should take all the water it can contain, tho level of the fluid in the well should be as high os the 
point m, or as the point p , which is on tho same horizontal line ; and consequently should be raised 
above tho centre of the base by tho quantity op = r cos. nsrV 1 — (cot. a tang. 6)*. For the 
vertical elevation, we shall have 

r cos. b — (cot. o tang. 6)*. 

In what has been said, wo have sup]>osed the hydrophoric arc had time to lie filled with water, 
without any mention of the velocity of tho water. It has, however, a great influence ujiou tho 
amount of the product, especially when the Wtom of the screw is entirely 
submerged. This influence is shown by tho experiments of Eytelwein. 

They were made with tho small sco w already mentioned, with an inclina- 
tion of 50°. In the find series, the end of the screw was entirely sub- 
merged ; an unfavourable circumstance, tho disadvantage*) of which are not 
sufficiently appreciated by workmen. Tho second was made under more 
favourable circumstances, with the Imse submerged only a suitable quantity. 

In practice, it will suffice to establish the screw in such a manner as that 
the end of the vertical diameter of tho core may project a little above tho 
surface. 

Comparing tho terms of tho two series, when the velocity of the machine 
has been nearly the same, we see that when the inferior extremity was 
entirely submerged, the pmduct was about one-third less. 

We jihhh to the effect of which great screws are capable. 

It is made known what this product would be, by giving, in the following 
Table, the results of ex|H>rimcnts made with three pmiqis, of 1 ft., 1} ft., 
and 2 ft. (French measure) in diameter, the latter limit never being exceeded. 

The length and velocity of each are given, as well as the angle of inclina- 
tion at which it stopped delivering water; an angle which, according to 
theory, is equal to that made by the helix with the axis. The greatest 
effect was produced at an angle of 30° : Morin has taken it for the unit, and has compared 
with it those obtained under different angles; this comparison shows the great influence of tho 
inclination. 


Number 
of Revolu- 
tion* in 1'. 

Water 
raised per 
Revolution. 

22 

cub. ft 

0 0090 

41 

O' 0094 

51 

0 0088 

74 

O' 0081 

121 

O' 0068 

5 6 

00113 

60 

00118 

73 

00121 

85 

0 0123 

08 

0*0123 

120 

00118 


Angle 

of 

Inclina- 

tion. 

Diameter ,, .. = 

Length — 

KrvuluUan in l* . . = 
Limit of Inclination = 

o-ossrt 

19- 1*3 CL 
so 
60° 

Diameter . . = 

length ss 

Revolution in 1’ .. = 
Limit of inclination = 

1*5*7 ft 
27 ’ S9 ft 
60 
63° 

Diameter — 2" 10 ft. 

Length — 36*57 ft. 

Revolution in l* .. = 41 J 
Limit of Inclination « to 5 

Water 
rained in 
1 hour. 

Height 

of 

Elevation. 

Series 

of 

Effect*. 

Water 
rained In 
1 hour. 

Height 

of 

Elevation. 

Series 

of 

Effects. 

Water 
rnl*«l in 
1 boar. 

Height 

ot 

Elevation. 

Series 

of 

Effects. 


rule ft 

ft 


ciih. ft. 

ft 


nib ft 

ft 


30 

14868 

8-98 

100 

4576 

12*36 

roo 

‘#149 

10*66 

roo 

85 

1 236 * 

1010 

0 93 

3030 

14*62 

0*94 

7104 

13*12 

097 

40 

872 3 

11 25 

0-74 

2397 

16*85 

0*71 

4811 

14 90 

0-74 

45 

448*8 

12-30 

0*50 

1306 

1912 

0-44 

2013 

16*49 

0 44 

50 

307*2 

13*48 

0*31 

508 

20*23 

018 

893 



55 

91 8 

14-62 

0 10 

180 

21*35 

007 

307 

1784 

007 


Though tho volumes of water indicated in the Table have been admitted, as the results of 
experiment, by a commission of engineers ; still, as they are presented by a constructor of tho 
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Archiinedian screw, we may fear that there is some exaggeration ; and in application, wo should 
not reckon upon more than two-thirds of the product indicated. 

It seems thnt the quantities of water raised by these machine*, they having l>een reduced to 
the same mimlier of turns in the same time, should be projsirtinnal to the capacity of the hydro- 
phone arc, anil consequently to the cube of the diameters, if the screws were 
similar solids: yet Morin found that these quantities are very sensibly propor- 
tional to the 8f power of the diameter, or to D*|. Consequently, by reducing 
one-third the quantities given in the preceding Table, the volumes of water 
raised in one hour, under different angles of inclination, by a screw of a 
given diameter D, would l*e such as are indicated in the adjoining Table. 

These screws an; usually put in motion by men, who net indirectly upon 
the crank, through the intervention of beams or connecting-rods, ujion which 
they impress a reciprocal motion which converts that of the crank into a 
rotatory. What is the number of men to be employed to produco a given 
effect ? 

A screw 1*007 ft. in diameter, and 19*19 ft. long, used for draining by 
M. Laniande, engineer, moved by nino men (working in spells of two hours, 
and then relieved by a similar number of fresh hands), inclined al>out 35°, making forty turns per 
minute, raised in one hour 1589*2 cub. ft. of water 10*82 ft. For each of the nine workmen, this 
was 176*58 cub. ft. raised 10 *82 ft., or 1910 cub. ft. raised 1 ft. : he did not work over five hours in 
the day ; thus, the day’s labour of each was only 9550 cub. ft. In another experiment, six 
workmen, working six hours, raised each 10,000 cub. ft., and consequently 1770 cub. ft. per hour. 

According to these positive and authentic facts, we may admit that a workman, employed upon 
a well-arranged screw, can raise in one hour 1738 cub. ft. one foot in height, and that ho may 
labour in this manner six hours per tlay. Ho might even work eight hours in the twenty-four, in 
a continuous draining, if the relays were properly established ; so that the number of workmen to 

Q'fr Q'H' 

accomplish such a draining would be , or, to prevent any mistake, * Q* being the volume 


Anglo 

of 

Inclina- 

tion. 

W«t<*r 
nd*«i In 1' 
by <0 

Involutions. 


cub. ft. 

30 

364 D 3 ’ 

35 

288 . 

40 

191 . 

45 

104 . 


of water to be raised in one bonr, and II' the height of the elevation. 

We also employ for draining, screws without the envelope or barrel, consisting simply of a 
newel, upon which are placed the helionidnl threads. We place them in a canal or semi-cylindrical 
box enclosure, made of carpentry or masonry, ami having a suitable slope : it is, ns it were, a half- 
barrel, but immovable. But a very small interval is left between its sides and the edges of the 
threads. These machines, called hydraulic semes by the Germans, are much used in Holland, when) 
they arc frequently set in motion by windmills. 

They have a great velocity imparted to them, lest a great quantity of water, raised at first, should 
fnll back into the well, following the sides of the trough, before it has reached the point of discharge. 
They have the advantage of being independent, in their product, of the height or the water of tho 
reservoir compared to their extremity, and, without shifting their place, they may drain a reservoir 
whose level is gradually reduced. But this advantage is more than counteracted by an incon- 
venience : very often the core or newel, at least if it is not large, bends, and the edges of tho 
threads rub against the sidtts of the eaiml ; which wears out the machine, and occasions a resistance, 
al>sorbing a portion of the motive force. 

It may lie necessary to make brief mention of a machine, which has some resemblance to tho 
Archiinedian screw, ami which may lie used for raising water to great heights : this is the spiral 
pump. It consists of a conical or cylindrical turning-shaft, upon which is wound, screw-fashion, a 
tuts* of lead or other material : one of its extremities takes up tho water, and the other is enclosed 
exactly in the curved end of an upright tube, which conveys this water hi the desired point. 

This machine, invented and inode, in 174G, by a tiniuau of Zurich, has been made the subject 
of a work by Daniel Bernoulli, who has given its theory, and proposed some improvements, which 
have been adopted in a construction made at Florence. Since then, Nicander and Eytelwein have 
devoted their attention to it : the latter rejiorted that, in 1784, he had established such a pump near 
Moscow, with complete success; it conveys 4 *09 cub. ft. in 1’ a distance of 781 ft., and 75*46 ft. 
in vertical height. This author extols all tho advantages of this machine, and recommends 
its use. 

When the mouth takes up alternately water and air, these two fluids advance, from spiral to 
spiral, up to the upright pipe : they enter it ; the air is discharged and escapes into the atmosphere, 
tuO water ascends gradually, and is discharged through thesjwnit placed at the top of the pipe. 

During the motion, the two fluids are disposed in the spirals aw shown in the figure; the water 
on one side, the air on the other — the latter occupying less and bus space. In tho first spiral from 
the entrance-mouth the air is loaded, not only with the atmospheric weight, but that of the column 
of water of the second spiral ; the air of the latter sustains also the weight of the third column ; 
and so on ; so that in the last spiral, that which is near the upright tube, it is as it were loaded 
with the weight of a column of water, whose height is the sum of the heights of this fluid in all 
tho spirals. This some air supports, by the elastic force due to such pressure, the column of water 
in the upright tube; it can therefore support one whose height is equal to the sum of tho heights 
of the water in the spirals. Thus the height to which we can raise water by means of a spiral 
pump, depends upon the length and the number of spirals of the lieliooidal tube. 

If the compressed air, on issuing from this machine, were properly received and directed, it would 
produce a blast, which might easily be mode nearly continuous. An Archiinedian screw, containiug 
also in its spirals alternate masses of air and water, might yield an analogous effect, if it wero 
disposed and moved in an order in some sort the inverse of that followed in draining. Blast- 
machines on this principle have been used in many instances with success. The Archiinedian 
screw, in this latter cast;, is of great diameter compared with its core, and placed in a Imuuii filled 
with water, with a certain inclination, so that the upper end of the axis shall be very near the 
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liquid surface. When the bctow turns, the upper mouth of the helical canal passing in the ntmo- 
anhere during one-half of its revolution, there taken n certain quantity of air, which at find line its 
place above the first hydrophone axis, and which then descends from spiral to spiral, issues 
through the lower mouth of the canal, and tends to rise in the water of the basin, with an elastic 
force measured by the height of the liquid surface above tins mouth. 

AREA. 

The sunk space around the lower stories of a building is termed the area. 

Pee Mensuration. 

AREA-DRAIN. Frt., laoUmtni air*. Geb., Luftxchrirht . 

An nren-druin is a narrow open area. Fig. 280, generally less than 8 feet 
in width, constructed around the basement of a building, to prevent the 
approach of damp from the surrounding noil. 

ARG KNTAN. Fk., Argentan^ aUiiujc dc ctu'rrc, nickel et xinc ; Gkr., Nickel- 
silber ; Ital., Packfong ; Span., Argentan inexeta tic cohre, niqnel y xinc. 

Argentan is the name given to an alloy of nickel, copper and zinc; and is generally termed 
German silver. See Nickel, Alloy* of. 

ARM-BAND. Fr., Support It funl; G):r., GmxhrKaHer. 

An arm-band, Figs. 281, 282, 288, 281, is a piece of crooked iron, attached either to a wooden 
rail or stone block, fixed against the walls in barrack-rooms, to retain the soldiers* muskets when 
not in use, the butt-ends resting on the floor. Formerly, muskets were laid horizontally, one over 
another, in arm-racks, which were not so convenient to reach in cases of emergency. 




ARMING-PRESS. Fr., Pretxe de carton; Ger., Deckcfprtue ; Ital., TorcAio da inAozzart ; 
Sr an., Prensa fiara enevademar. 

An arming-press is a machine used for embossing the back and sides of the cover of a book. 
Fig. 285, represents the rotary arming-press designed by John Gough, to be worked by steam- 
power. The shaft, a, carrying the strap-pulleys, l>, is fixed upon the top of the press; and at one 
end of the shaft is placed a toothed-wheel, c. geared into the fly-wheel d. On the other end of 
this shaft is fixed a small pinion, geared into the large wheel, e, running loose upon the eccentric 
shaft /. This wheel is fitted on a clutch, A, sliding on the square end of the eccentric shaft. 
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Thia press, which is of large size, is fitted with two acta of gauges, for feeding front and back, so 
that, with two attendant**, two blocks can bit worked at the same time, rendering thin press equal 
to two of a smaller size. The whole is supplied by columns, which tie the head and top bearings, 
bed, and standard*, in a oouijmuml and rigid manner. The support at each side of tin* eccentric 
prevents deflection of the eccentric shaft. The table, k , is supported by a sliding-wedge, /, the 
whole of its width, by which arrangement the w hole power of the press is concentrated upon 
the* work. The driving-gear and machinery, being placed on the head of the press, renders the 
usual dangerous gearing on the floor unnecessary. 

ARMOUR. Kb., Armure, (Wrasse?; Gut., Panzer ; Ital,, Corattatura ; 8i*an., Armadura. 

Aiunu ic-rLATES for Ships of War. 

The first account we have of an armoured ship is in 1590 (see ‘Istoria della Sacra Religioncod 
Illustrissima Milizia di San Giovanni Gierosolimitano,* di Giacomo Rosin, pub. 1504). The largest 
ship then known, one of the fleet of the Knights of St. John, wa* sheathed entirely with lead, and 
is said to have successfully resisted all the shot of that day. We have no account of any similar 
device until the Emperor Louis Napoleon initiated the idea of covering vessels intended to approach 
forts with imn. in consequence of the general acknowledgment of the impossibility of supporting 
the effects of shell-fire in ordinary wooden ships, or in thin iron ones when elongated shell are 
substituted for the spherical ones formerly used. In the United States, trinl has been made of 
su)M?r)Mised plates of 1 and 2 inches thick, up to a total thickness of 8, 13, and 20 inches: but the re- 
sistance obtained in this wav has never equalled the results where solid plates have been applied. 

It has been roughly established that to keep out a hardened projectile tired from a modern 
rifled gun, the armour-plate must have a thickness at least as great ns the diameter of the shot ; 
and the beat practice seems to require a solid backing of wood of from twice to four-und-a-half 
times the thickness of the iron. This will give great resistance when divided into a cellular form 
by iron edge-piece* or girders, as in the Chalmers’ target. An iron lining on the inside is also 
necessary to diminish the risk of splinters, Ac. 

Armour-plates are rolled or forged up to the thickness of 20 inches by machinery constructed 
for the express purpose. They are then bent to the shape necessary by hydraulic-power ; and 
having been planed on the edges and bored with conical holes for the holts, are attached to the 
ship’s side by long through-holts, and screwed up with nuts from the inside. 

As the artillery have within the last few years advanced with enormous stride* in weight and 
power, it has been necessary to keep pace with these improvements, in the thickness and 
reaisting-power of the armour; and each step forward in the science of artillery has hitherto 
been met by a oorre*|>onding increase in the defences opprsud to it. Rut this cannot go on ; uud 
it seems that the limit of defensive armour the ship can carry will be sooner reached than the 
ac plus ultra of the gun or shot that can be brought against it. 

It remains to be seen to how much of the ship must be given absolute immunity, and how 
much may lie left to be pierced by shot without fatal consequences. Hitherto tin? practice has 
varied from protection over the whole hull with a moderate thick mws of armour, to absolute 
protection confined to a small part of the hull. The Monitor system protects efficiently tho hull 
and guns ; but these are little raised above the surface, aiul tho vessel is not iutendid to keep the 
sea. The cupola system is an advance on the Monitor, inasmuch as it is applied to vessels of 
a larger class, and w hich are seaworthy. Rut on this plan very few guns are earried in proportion 
to the tonnage, and the ship requires one special armour uud the guns another. There is also the dis- 
advantage that the rigging must be sacrificed if the guns are to be used over a large arc of training. 

In 1805 a series of experiments were made by the British Government to determine tho 
relative penetrating effects of two shot on an iron plate, provided they strike with the same ttork 
or energy, notwithstanding the one may be heavy with a low velocity, and the other light with a 
high velocity: ami also to determine the relative resistances of a plate to penetration by two 
shot of similar form of head, ami striking with work proportional to their respective diameters. 

For these experiments the charges were determined with the aid of Navez’a apparatus, by 
which tho velocity of each projectile was observed at the distance of 100 yards from the muzzle. 
Cast-iron shot were supplied for this experiment, their weight being tho some as the steel shot. 
The spherical projectiles were shells weighted up with lead. 

The following Table shows tho velocity w'hich each projectile should have in order that the 
conditions might be fulfilled. 


Tablk A. — Showing the necessary Velocities and CnAiuiES determined by Experiment: 
5-5-i.scn Plates. Projectile, Solid Steel Hemispherical-headed Shot. 


Gun. 

No. of 
E»prri- 
meat 

Cikante 

Projectile. 

Necessary 
V eloettjr 
«l l«0 
Yon] a 

" Work- 
cm Impact 
at loo 
Yards. 

Experiment. 

Mean 

Weight. 

M'an 
1 >. am. 



lbs. 

lb*. 

Inches. 

feet. 

foot tons. 

6* 3-inch m. l. rifle-gun 

1 

15-848* 

35*56 

6-22 

1917 

906 2 

, 

2 

12 000* 

71 • 12 


1355 



3 

11-219* 

106-68 


1107 


.. 

4 

13-875* 

35-56 


1823 

819-3 

.. 

5 

in-500* 

7112 


1271 

796-2 

.. 

6 

»sia’ 

106-68 

, 

991 

731-5 

7-inch M. l. rifle-gun 

7 

13*500 

100 00 

6 92 

1130 

885-8 


8 

11*623 



1022 

724-8 

100-pr. m. l. Bmooth-bore gun (9-in.) 

9 

I5-437t 

104-00 

887 

1254 

1135-4 

» n t» 

in 

1 1 • 125f 

» 

>• 

1135 

929 0 


* Charge, powder nearly half the weight of shot. + Charge, powder ooenevantb the weight of shoe 

K 
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Tho charges having been thna ascertained, tho puna used were placed in battery, at 100 yards 
from n row of 5£-in. iron platen, fixed by upright supports, but unbooked. Tho puna were fired 
directly at the plates ; that in, tho piano in which tho shot moved was perpendicular to the face 
of the plates. 


Table B.— Abstract, showing the Restlts of the Experiments carried out at Shoebury- 
ness, 22/3/65, against 5 • 5-INCH Untucked Plates. 

1000 to 1010 show Effect of Equality of vis viva where V and W vary. In tho last three rounds 
tho charges wore altered on the ground, and the effects are not comparable : — 

35 lbs. Shot, Spherical, Length, 6*220 inches. 

63 rt „ Elongated, „ 8*500 

70 „ „ „ * 9*315 

106 „ „ * „ 13*458 


Hemispherical- 

headed. 


Photo- 

graphic 

Number 

of 

Round. 

Charge. 

Weight of 
Projectile. 

! Velocity 
0(1 

Impact. 

Approximate 

Wrt 

*0 

in Foot Ton* 
og Impact. 

Effects with Steel Projectile* of 6 -22-In. I*inmcter, 
fired from the 6 ‘3-in. Gun of MucwV, 

It. ExpL No. 276. 


lb* 

lb*. 

feet. 




I 15-848 

35-875 

1920-0 

BIT-0 

Clean bole through plate, and 3 ft 2 in. into earth. 



35-562 

1925 0 

9138 

„ „ and Mopped by * balk of timber. 


12 000 

S3 687 

14170 

886 7 

.. „ and 3 ft. 6 in. Into earth. 

1004 i 

70937 

1345*0 

889-8 

Struck left edge of plate and broke in three piece*. 

1006 

•• 

71*250 

1346*0 

895 1 

Clean hole fArrwqjA plate, and 6 fL 6 In. into earth. " Earth 
Inuw'ietl by former •hot,*' 

1002 ' 

11-219 

106625 

1110*0 

9110 

Clean bole through plate, and 3 ft. 3 in. into earth. 

1007 

13-875 

106-812 

1112 0 

915-8 

„ „ depth in earth not knuvrn. 


35-662 

1829-0 

824 9 

„ about lJfL into earth. 

1009 

10500 

70-875 

1270 0 

792*7 

Stuck In plate ; base project* 3$ In. from lace of plate ; 
slight star in rear ; outer lamina off plate. 

1010 

9-812 

105-562 

996-0 

733 1 

j Stuck in plate ; base project* 7 in. frum lace of {date ; part 
1 of shot showing through in mar. 


Table C. — To determine the Relative Resistances of a Flats to Penetration by Two 
Shot op similar Form or Head, and striking with vis viva proportional to their 

DIFFERF.NT JDlAMKTEBS. SOLID STEKL SHOT, HeMISPHERICAL-HKADED. 


Photo- 

graphic 

Number 






Approx i- 



Gux. 

COAMK. 

Paojrcmjc, 

Velocity 

mate 
W e* 

~ 

20 

us propor- 
tional to 
Diameter. 

Dvects. 









Round. 



Wright. 

Mud. 

' 

in Foot Ton* 
on Impact. 




lb*. 

lb*. 

irvebe*. 

feet 


foot ton*. 


1011 

) 06 - pr. wnooth- 

15437 

104T25 

8-87 

1241-0 

1135-4 

1135-4 

Clean tale through plate, and 


bore. 







3 ft. 3 in. into etrtb. 

1009 

6 3-Inch m. u . 

10-500 

70-675 

622 

1270 0 

!M'I 

796-2 

Stuck in plate; bam pr^Vcts 
3t in. from face or plate. 









Nose wa* nearly through. 

1027 

10'5-pr. smooth- 

11125 

101-000 

867 

1135 0 

929 0 

929 0 

Shot rebounded, indent 3 25 in. 


bore. 







deep; plate bulged and 
crocked in rear, over an arm 
of l ft 2 in. by | ft. Some 









plate OS 1002, 1003, 1009. 

1012 

T-lncb R- l. 

11-625 

100-312 

692 

1004-0 

7011 

724-8 

Shot re bounded, indent 3-655 


No. 217. 







in. deep, 7-33 In. diameter; 
plitle crocked in rear ; abut 









much cracked. 

1013 


,, 

100*125 


1013*0 

7110 

724-8 

Shot rebounded, indent 4 In. 









de« p, 7 • 1 in. diameter ; plate 
crocked tn rear. 

1011 

100 -pr. smoolli- 

15-437 

104T25 

8-87 

1254 0 

1135-4 

1135 4 

Clean hole through plate, and 


bore. 







3 ft. 3 in. into earth. 

1026 

T-ineh H. L. 

13-500 

100 312 

692 

11310 

889 -7 

885-8 

Clean bole <An>u : ;A plate; hh->t 


No. 217. 







struck and broke support of 
wood l ft. square, and fell in 
rear. San* plate a* 1000, 
1004, lnift. 

1008 

7-incb a. l. 

12-000 

llOOOO 

6-88 

1090-0 

906-2 

906 1 

Juvt penetrated the plate ; 2 ft. 









into earth. Brown's »terL 

765 

6 ' 3-inch m. t. . 

13675 

35-502 

e-22 

1839-0 

824 ‘9 

819-3 

J a»l pt net rutrd the plate; ljft. 









Into texmo earth. 

1009 


10 500 

70-675 

.. 

1270 0 

792 7 

B19 3 

8oe above. Ihd not penetrate ; 









baae .4 In. out 

908 

68-pr. smooth- 

16-000 

72 000 

7 91 

1365-0 

9.W2 

930-2 

Indent 2-8 in.; plate cracked 


bore. 







behind. Firth ste«L MintUs 
14.082. 

1010 

6‘3-inch m. L . 

9-612 

106-562 

6 22 

996 0 

733 0 

731-5 

Stuck in plate. 


It appears from these Tables, round 1008. that a 6‘22-in. projectile is just able to penetrate a 
5$-in. plate, with a war* on impact of aliout 825 foot tons; and assuming that the resistance of 
the plate varies as the square of its thickness, we shall have the following proportion to determine 
tho work necessary to penetrate a 4|-in. plate with the same projectile; that is 
5*53 : 825 :: 4*5» : and X = 552 foot tons. 
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Experiments against 4$-in. unbacked plates, under similar conditions to those detailed in the 
experiments against 5J-in. platen : — 

Table D. — Abstract, showing the Results op Experiments carried out against 4 ■ 5-lnch 
Unbacked Plates to determine the Relative FwvnuTma Effect op Projectiles op 
the same Diameter and Form op Head, but so varying in Weight and Velocity that 

THE VW VIVA OK IMPACT WAS CONSTANT. 


Lhite of Experiment, 13/3/0(5. Brand of Powder, Rifle L. 0. 8/7/64. Lot 805. 


Photo- 

graphic 

Number 

of 

Round. 

Num- 
l*r or 
Plate. 

Cbargc- 

Weight and 
length of 
PruJectUe. 

Observed 
Velocity 
at 22o 
Feet, 

Calculated 
Velocity 
on impact 

at 

300 Feet. 

Approxi- 

mate 

w«* 

in Foot 
Ton* on 
Impact. 

Effect* with Il*rolspbertcal-hra<V-d Steel 
Projectile* of 6 ' 22 -iu Diameter, bred fmm tho 
Service 64-pr. M. L. Utui of tt'3-ln. calibre. 



lbs. 


feet. 

feet. 



1047 


6 68 

03- *7 11**. 
8' 42 In. 

11212 

1112-2 

547'8 

Just penetrate!. Shot rebnunded about 6 yard*} 
length of bhot s-«5 In. Pn-Umltwry round. 

1118 

1 

8-63 

6J-SI lb*. 
8'42 in. 

1123*3 

1119 3 

554-8 

Ju*t penetrated ; broke plate ’-'hind In Uie umi.iI 
manner ; abot rebounded 4 ft. ; length of abut 
7 -92 In.; diameter* or hole 6 X 6' 25 in. 

1159 

1 


70-»t lha. 
ft- 3 111 . 

1077*7 



Mias. Struck support of plate, and glanced off 
Into the earthwork. 

1160 


609 

10601 lb* 
13-39 111. 

M6IT 

860 S 

645-2 

Through plat*-, breaking away rear In tho usual 
manner. Shot fell 2 (L In reur ; length of idiot 
12-92 in. ; diameters of hole 6-76 x 7'5 In. 

1161 


7-K? 

35 -60 lb«. 
6-22 in. 

1483*6 

1460 0 

524-7 

Stuck In plate. breaking it away behind ; shot 
almost through. 

1162 

2 

8-00 

35-56 lbs. 

6‘22 in. 

1508-7 

148X4 

5418 

Just penetrated ; broke pints behind in the usual 
maun* r ; ahot rebound- d 4 ft. ; diameter of allot 
6 32 In.; (UllMin of hole 6- 4 X 6'5 in. 

1163 

2 

6-83 

70-94 lb*. 
9 -3 In. 

1069-2 



Mias. Struck support, and glanced into earthwork. 


2 


6381 lha. 
8 ' 42 in. 

11071 

1098-2 

533-6 

ALninrt penetrated ; brokr away plate behind over 
an area of l ft by l ft Shot rebounded 5 fL 
9 in. Indent 4-35 In.; length of shot 7*ss la. 
1 loirs XJ1I , XIV'. 

1165 

2 

606 

1P6-62 lbs. 
13 -39 lu. 

361-3 

857-7 

543-9 

Stuck in plate, breaking It away at Iwck something 
more Gum round 1164 ; shot almost thn ugh. 

1168 

3 

" 


8531 

859-5 

548-2 

Th n>u/)h plate Shot turned over and entered 
earthwork to a depth of 1 ft; length of shot 
18-96 in. 

1167 

3 

800 

35 50 lha. 
fi-22 In. 

1509-2 

1184*9 

542-8 

Made a hob* clean through, but shot remained 
sticking in the plate, projecting aa much in rear 
a* in front 


On examining this Table it appears that all the projectiles but one struck with “work"* 
slightly under that which was required, rir. 552 foot tons ; and that 542 tons is only just capable 
of piercing a 4'5-in. plate. Thus in most instances the shot, after penetration, rebounded, and 
fell in front of the plate, showing that they had expended almost their entire force in the penetra- 
tion. As 552 tons was calculate on data supplied by a shot, round 1008, which penetrated, ami 
had tome little force left in it, it is to be expected that a force of 542 tons should act n«*;it did. It 
appears that a reduction of two ounces in the charge, and consequent diminution of “ work " to 
525 foot tons, was sufficient to prevent complete penetration, round 1161, although it apparently 
required but a small blow with a hammer to separate the piece of plate at the back of the point 
struck. As this effect was prrductd by the shot moving with the highest velocity, it is a con- 
vincing proof that, with steel shot, the penetration is not proportional to a higher power than tho 
square of the velocity. 

From these experiments the following practiced conclusions maybe drawn when the projectiles 
are fired direct : — An unbacked wrought-iron plate will be perforated with equal facility by solid 
steel shot, of similar form of head, and having the same diameter, provided they hove the same 
ns viva on impact ; and it is inuuuterial whether this r it viva lx' the result of a heavy shot and 
low velocity, or a light shot and a high velocity, within the usual limits of length, and so on, which 
occur in practice. An unbacked iron plate will l>e penetrated by solid stwl shot, of the same form 
of head but different diameters, provided their striking vis viva varies as the diameter, nearly, that 
is, as tho circumference of the shot. That the resistance of unbacked wrought-iron plates to 
absolute penetration by solid steel shot of similurform and equal diameter, varies as the square of 
their thickness, nearly. 

These experiments have proved that, although in the case of cast iron a light projectile moving 
with a high velocity will indent iron plates to a greater depth than a heavier projectile with a 
low velocity, but equal “work,” it is not ns necessary that there should bo a high velocity when 
the projectiles are of a hard material, such as steel anil chilletl iron ; and this result will be much in 
favour of rithd guns, by enabling them to prove effective with comparatively moderate charges. 

Putting these results in an algebraic form, and taking the units as the pound and the foot, 

. [ 1 ] 

where W = weight of shot in lbs., e := velocity on impact in feet, g = the force of gravity, 
2 R = diameter of shot in feet, b = thickness of nnbacked plate in feet, k - a coe^cient depending 
on the nature of the wrought iron in the plate, and the nature and form of heed of the shot. 

The shot is supposed to be of the best quality of steel, and the plate of the best quality of 
wrought iron. 

k 2 
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Solving equation [1] for 6, 

b = v \/ iVWgi' 

[2] 

and for A, 

WtS 



4wB0tp» ' 


In order to dotcrmino A, a series of equations can bo formed of the following conditions: — 

4 » R jj 6* A — W, « t f = 0, 4 » R f ^ 6* A — W t r,* = 0, 4 wR.i/6** - W,r,* = 0, Ac. Ac. Ac. 

Substituting the experimental values of the different quantities, and eliminating A, it will bo 
found that for hemispherical-headed shot A = 5,357,200. 

Having thus determined the value of A, the work necessary to penetrate any unbacked plate 
of given thickness can be calculated. 

Thus, to determine the ttork required to just penetrate a 5* 5-in. plate, with a hemispherical- 
headed steel shot of 6 -22 in. diameter, 

R = 311 in. = 0-25917 ft. b = 5 5 in. = 0 45833, A = 5,357,200; 
and substituting these values in equation [1], 

W c* 

"2 J = 1,832,522 lbs. = 818 foot tons. 

It will be seen that round 705, consisting of a spherical shot of 35-50 lbs. and 6 '22 in. 
diameter, moving with a velocity of 1820 ft., and consequent trork of 825 foot tons, just penetrated 
a 5-5-iu. plate. This trork is practically the same as that given in tho above example, as a 
difference of 5 ounces in the weight of the shot would have reduced its icork to 818 foot tons. 

Oblique Fire. — Suppose the plate set at an angle, or the gun fired obliquely at an upright plate. 
Tho shot has then a tendency to glance off, and continue its motion in a new direction. 

Thu foroe wtfth which the shot, acting obliquely, will strike, is to that with which it would 
strike if acting directly as the sine of the angle of incidence is to unity. That is, tho shot 
striking in a slanting direction may be sup|Hkaed to havo opposed to it a plate of a thickness equal 
to the diagonal formed by the line of direction. 


Table E. — Showing the results op Practice with Steel Projectiles fired at 4-5-inch 
I n hacked Plates, placed at an Angle. 


- 



Ciiahce. 

PaaiKCTtut. 


if 

tig 

ill 


r f | 

Takckt. 



*5,: 



$ 



"o 

■?. 




It 

is 

21S 

f 

a 

I 

p 

II 


-If 

I« 





lb-. 



lba. 

In. 





IJ 

4 -5-inch Mi* 

ifbpr. m u 

140 

Rifle 

Cylln- 

*00 

6 34 

1470 0 

1049 

52-7 

Struck centre of plate; made 


bucked put* 

Armstrong ( 


u a. 

■Jr leal 






an Indent 15 In. long and 7 in. 


at an angle 

competitive 



sh-cl 






broad, ami a bole about 2 in. 


of 38°. 

gun. 



shot. 






square through the plate. Two 
Luge pieces were torn off the 
back of tbe plate and driven to 
the rear. Shot broke up. 

3 






” 


•• 



Made an indent 14 In. long,4i b>- 
deep, and 6f in. broad ; plate 
cracked tlirough and opened 
out at back, from which a 
large piece was tom. Shot 
broke tip. 

3 1 











Made an indent It In. long, 7 In. 












broad, and 5} In. deep. Rack 
bulged and cracked through. 




drams. 








A large piece of the back torn 
off. shot broke up. 

Indent o -53-la. Plato bulged 

2 

Unbacked J- 

Wall piece 

10 

Rifle 

Cylln 

0-344 

0-87 

1141 

3-1054 

1136 


inch platen 


r. < 2 . 

dr leal 






behind. 


placed at 




steel 








angle* Of 




shot 








6 tP. 




with 












flat 








_ 




head. 







2 

45 










Indent 0'6«*in. Bulged os before. 

2 

.30 


,, 


,, 

, , 

,, 


,, 


Indent 0-5O-ln. Slight bulge 












behind. 

2 

20 

• • 

• • 

• • 



•• 

• • 



Indent 0'54-in. No bulge be- 

2 

10 

•• 

Ibi. 

- 

•• 

.. 





Small piece of plate scooped out 
No bulge behind. 

630 

2-5-lnch plat* 
unbacked 

12 -pr. a. u 
Whitworth 

1-76 

Rifle 

L 0. 

Flat- 

headed 


|2-71 

} 1261 

134 05 

14-64 

Through plate and Into earth- 
bull behind. 


(upright). 

gun. 



Steel 











shot. 








Do. at 45° 


•• 

•• 


121 


" 


•• 

Clean bole through plate, but 
not soJkinit to admit shot. 












which rebounded. 

'** 

Do. upright 


** 


" 

121 

” 

" 

" 

" 

Struck near alwve round, clean 
bole through ; shot fell inaido 
at foot of plate. Not fair hit. 


12-pr. u. l. 

1-50 


•• 

121 

•• 

1120 

106-25 

11-49 

Penetrated plats. 



| Ron. 
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Equation [1] will tliereforo become W r 3 
2 g 

and [2] . , 

L J 6 = v sin. 9 


2vB 

” sin. 3 9 1 

ra 

i*/Z£T. 

^ 4xR </ A 

[ 5 ] 


It appears from this that the resistance of the plate increases as the value of 9 diminishes. 

It Ims already been shown that a -4 -5-in. untiucked plate when tired at direct, requires a force 
represented by 28 foot tons per inch of shot's circumference to ensure penetration. 

Suppose, however, that the plate is placed in such a position that it makes an anglo of 38° 
with the ground. From equation [4] the force required to |>enetrate it in this jtonition amounts 
to 1445 foot bins for a shot of 6 ’22 in. diameter, or 73 '9 foot tons per inch of shot’s circumference. 

An experiment of this nature was actually tried by the Armstrong ami Whitworth Committee. 
They caused 4* 5-inch plates to be Bet up at* an angle of 52 J with the vertical, and fired at them 
from 200 yards’ distance with the competitive Armstrong and Whitworth guns. 

Table K gives the results of this experiment. 

It appears that the projectiles were solid steel shot of 70 lbs. weight and 034 in. diameter; 
that they struck with a “work” of 1049 tons, or 52 -7 tons per inch of shot's circumference, and 
that they failed to paw through, although the plate was cracked and opened at the hack. 

In all these experiments it is to be observed that the life of a smooth-bored gun firing charges 
of i the spherical steel shot's weight will be more than equal to that of a rifled gun firing charges 
of if the guns are of equally good construction. Consequently, that the work doue by the smooth- 
bore in these examples is not to be taken as absolute proof of what might he doue with higher, yet 
safe charges. 


288 . 287 . 



Figs. 2W5 to 301 exhibit the various effects of projectiles upon armour-plates, and upon armour- 
plates backed with wood. 
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Figs. 302 and 303 represent a emss-scction and plan of the armour-plated British vessels 
‘ Warrior,’ 1 Black Prince,’ ‘ Defence,’ ‘Achilles,’ * Resistance/ ‘ Hector/ ‘Valiant/ and * Prince Albert.’ 
The shijis themselves are cotistructtd of iron plates, f-in. thick, and strengthened by iron rils* 
at intervals of 18 in. Outside these plntea are two layers of teak-planking, making together a 
thickness of 18 in. Outside the planking, rolled iron plates, 4| in. in thickness, are plac<d, and 
the whole structure is strengthened and held together by strong iron braces. From various 
experiments made by the British Government, it has been found that a 7-in. nmzzle-loiuling gun, 
of 130 ewt., with a solid shot of 100 lbs., with a charge of 25 lbs,, iscapuble of piercing the side of 
the ‘ Warrior ’ up to a range of 600 yards. 

The 100-pounder smooth-bore gun, 9-in., of 125 cwt., with a solid spherical steel shot of 104 lbs., 
and 25 lbs. charge, is not capable of piercing the * Warrior’ at any distance over 100 yards. 

The 9'22-in. rifled gun, of 12 tons, with a solid elongated steel shot of 221 lbs., and charge of 
44 lbs., is capable of piercing the ‘ Warrior* up to 2000 yards. The 10‘5-in. rifled gun, of 12 tons, 
with a solid elongated steel shot of 301 lbs., anJ charge of 45 lbs., is capable of piercing the * Warrior’ 
up to a range of 2000 yards. All these assertions of piercing at lon£ ranges, for example at 
2000 yards, are given from calculation, not from actunl experiment, and ignore the angle at which 
the shot must gtrike, owing to its trajectory at these ranges. The American 15-in. gun, of 22 tons, 
with a spherical steel shot of 484 lbs., and a charge of 50 lbs., is enable of piercing the ‘Warrior 
up to a range of 500 yards. The American smooth-bore 1 1-in. and 9-in. guns, fired with solid spherical 
steel shot aud their’ maximum charges, are not callable of piercing the ‘Warrior’ at any range. 



Figs. 304 and 305 are a cross-section and plan of the 4 Minotaur/ ‘Agincourt/ and ‘ Northumber- 
laud.’ The inner skin of these vessels is the aamo as that of the ‘ Warrior/ The backing consists 
of 9 in. of teak, and is covered outside with plates 5$ in. thick. This armour-plating is fastened 
by three rows of heavy coned bolts, most of which pass through all the skins. A strip of iron 
125 in. thick is fastened in rear at the junction of the plates. The rest of the construction is 
similar to that of the ‘Warrior.* 

From experiments made on a target of this construction, the results obtained were nearly tho 
same as those obtained from the 4 Warrior ’ target. 

Figs. 306 and 307 show the construction of tho * Bellerophnn ’ target, a is a plate 6 in. thick, 
forming the exterior covering, which is followed by a 10- in. backing of teak, worked longitudi- 
nally on tho skin-plating, between the angle-iron stringers, and bolted with nut and screw bolts 
through the skin-plating. Tho latter is com|iosed of two thicknesses of }-in. plating, with a layer 
of (tainted canvas between. The target is shown in tho figure as it was erected for the purpose of 
experiment, supported by the Falrbaim target, so as to resemble the conditions of a ship’s side as 
nearly ns possible. This target was not subjected to a severe test : the most severe blow it was 
subjected to being from the 10'5-in. rifled gun, with a spherical steel shot of 165 lbs., and charge 
of 35 lbs. 

This shot failed to penetrate the target; but there is no evidence to prove that the 10 -5-in. 
gun would not have |**netrated with a charge of 50 lbs. 

Figs. 308 and 309 are a cross-section and plan of the British men-of-war ‘ Lord Warden * and 
4 t/>rd Clyde.’ The frame-timbers of these ships are of English onk, 124 in. thick, and are connected 
by iron diagonals C in. by 1| in. The inner pbmking is of the best English oak, 8 in. thick, and 
is covered with an iron skin of 1£ in. The outer teak-planking has a thickness of 10 in., and the 
armour-plate protecting it of 4$ in. The bolts sustaining the nrmour-platos arc 2| in. in diameter ; 
their heads press against iron washers, which, in their turn, rest upon india-rubber washers let into 
the timber. 

From the tests to which this target was subjected, it may be concluded that the 7-in. muzzle- 
loading rifled gun, find with a solid elongated steel shot of 100 l)*., and charge of 25 lbs., is not 
capable of piercing the * I^ord Warden’ at any range. The 9 22-in. rifled gun, of 12 tons, fired 
with elongated steed shot of 221 lbs., and 44 lbs. charge, is capable of piercing the 4 l^ord Warden * 
up to a range of 100 yds. 

Figs. 310 and 31 1 show a target, representing the construction of the French ironclads ‘ I .a Gloiro* 
and ‘ l.a Flandre/ loth of which are wooden ships protected by armour-plates placed in four rows. 
The dimensions of the plates forming the two upper rows are 5 ft. 9 iu. by 2 ft. 7 in., thickness 


i 
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4| in, and of tlie two lower row. 5 ft. 9 in. by 2 ft. 5 in., thiekne*, 5 a in. ; inner plnnkine 6 in out- 
side planking 10 in. This target was completely pierced by a 2wl». cylindrical chilled cast-iron 
projectile, shot from a 9 22 in. wrought-iron rifiea gun weighing 12 tons, with a charge of 30 lba. 



A spherical stool shot weighing 73-80 lbs., fired from the 08-pounder smooth-boro with a charge 
of 10 lbs., penetrated the armour, driving the piece into the tracking, and making an indent of 
6*7 in. 

Figs. 312 and 313 ahow n target representing the construction of the armour of tho * Hercules.* 
The upper half of this structure is faced with a wrought-iron plate 9 in. thick, and the lower half 
with a similar plate 8 in. thick. These plates are backed with 12 in. of teak, resting against a 
skin of two J-in. plates. The whole is secured to iron ribs, 10 in. deep, with vertical teak timber 
worked in between them, llehind these riba are two linings of horizontal teak timber 18 in. deep, 
confined by 7-in. iron ribs insido all, and an inside iron skin. The armour-plates are secured by 
3-in. bolts. Tho total thickness of the target, exclusive of the 7-in. riba, is at the top 51} in., 
and at the bottom 47 $ in. A 13-in. muzzle-loading ritled gun, of 23 tons, with a charge of 100 lbs., 
and an ogival-headed chilled shot weighing 577*5 lbs., struck the 8-in. plate, and passed through 
the target. Another shot, weighing 580*51bs., from tne same gun, with a similar charge, atruck 
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the 8-in. plate, and penetrated the target to a depth of 22 in. No shot appears to have penetrated the 
9-in. plate, the greatest effect being an indent of 8 ‘27 in. in the plate. 


31 *. 314 . 



Figs. 314 and 315 show a section and plan of the so-cnllcd 8-in. shield, constructed to test the 
effret of different kinds of projectiles made of steel or of chilled cast-iron. This target was con- 
structed of 8-in. armour-plate, backed by 18 in. of teak and a |-in. iron skin, secured to iron ribs 12 in. 
ajwrt. The object of this experiment was to obtain a shield sufficiently strong hi resist or keen out 
steel projectiles of 250 lbs., find at 200 yds. from the 9-in. muzzle-loading rifled gun with 43 lbs. 
of powder, the head of the projectile being ogival, struck with n radius of one diameter. 

The results of the experiments upon this target were, that it was proof against all projectiles 
when fired at obliquely ; that it was not penetrated when tired nt direct, except by the Palliser 
chilled projectile, which completely pierced the target. They proved that a pointed projectile 
7*92 in. diameter con cut a hole in an 8-in. plate, provided it strike with the necessary work. 

/siminotctl Armour . — Laminated armour consists of a number of thin plates Udted together, so 
as to form a shield of a certain total thickness, which depends on the numoer and individual thick- 
nesses of the plates employed. This description of iron-plating has been extensively used in 
America, on account of its cheapness and facility of construction ; it, however, offers much leu 
resistance to shot than solid plating, at any rate while placed in close superposition. 
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For experiment* on this subject the targets were composed ns follows : — 

No. 1 Target consisted of seven J-in. wrought-iron plates, all breaking joint, faced with a 1*5 in. 
wrought-imn plate, the whole fastened together by lj-in. rivets and screws, 8 in. apart. 

The target measured 12 ft. x 9 ft. x 6 in., ami was fixed to an upright wooden frame. 

No. 2 Target was composed of thirteen |-in. plates, foot'd with n 2-in. plate, and secured and 
supported in a similar manner to No. 1. The target measured 12 ft. x 9 ft. x 10 J in. 


Tablf. F.— Showing the Effects or Fire against Laminated Armour. 
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From these result* it appears that laminated armour is considerably weaker than solid armour. 
Thus a 4-in solid plate would have effectually stopped all the projectiles, whereas they easily 
|>cnetratid 6 in. of laminated plates. 

Fig. 316 represents Chalmers’ system of armour-plating. A target upon this system, which had 
a 3$-in. armour-plate, a corninmnd Lacking, a ueconcl plate and a cushion, with stringers miming at 
right angles to the ship’s frames, betWccn the second plate and the skin, the stringers being 
riveted to the latter, when fired at with steel and cast-iron projectiles from the following guns, — 
68- pounder smooth-bore, with cast-iron shot and shell, 16 lbs. charge; 100- pounder Armstrong, with 
cast-iron shot and shell, 12 and 14 lbs. charges; 300-pounder Armstrong, with cast-iron spherical 
shot, 50 lb. charge ; and Instly, with solid steel shot, 301 lbs., from a 300-pounder Armstrong, with 
45 lbs. charge, — proved that this system of (tacking afford* great supfiort to the armour-plates, and 
prevents their distortion from buckling. It is also of considerable advantage in adding strength 
and resisting (tower to the structure, and no other target designed for naval purposes has resisted 
so great a weight of shot with so little injury. 

31 S. 317. 



Fig. 817 is a sketch of the armour applied to the vessel ‘Glatton.’ It consists of 12-in. plates 
backed by 18 to 20 in. of teak upon an iron skin 2 in. thick. 
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The armour fated in vessels of tho largo ‘Monitor’ typo ia shown in Pig. 318, and ia fnnnod of 
15-in. plates, booked by 2 ft. G in. of teak upon two iron skins, shown at x, each 1 in. in thickness. 

Cast - iron Projectiles as 
compared m’M Steel of the 
same Sue ami Form . — The 
difference between tho 
effects of cast-iron and steel 
shot ujxrn armour-plates is 
most marked. The latter 
material is the nearest ap- 
p roach to perfect hardness 
and cohesion at present in 
use, and tho amount of trork 
expended on the shot is lass 
with steel than any other 
known material. With or- 
dinary cast-iron, a large 
amount of trork is expended 
in breaking up the projectile 
and hurling the fragments 
in all directions ; but when 
steel shot arc manufactured 
in tho best manner, little 
icor* is expended on tho 
projectile; and in ono instance a 12-ponnder Whitworth steel shot was of such pcrfoct material, 
that after pawing through 2$ in. of solid iron its trmpcrnturc was apparently unaltered. Several 
experiments have been mado with a view of ascertaining the amount of aw* lost by tho breaking 
up of cast-iron, alteration of form in steel shot, and so on. 

The following Tablo shows thealsmlute thickness of plate which can bo penetrated by cast-iron 
shot fired from various guns with serviwt-chargea. The guns were at a distance of 100 yds. from 
the plates, with the exception of the G8-pounder, which was at 200 yds. 


Table G. 




CnAttos. 

Projectile. 


, i 
l £ 

III 











Tadort. 

GO*. 

a 

f 

> 

Hnutd of 

ftmdcr. 

1,4 

a 

ja 

£P 

X 

! 

1 

If 

vr. t* 

3 g 

» »! 
EtPf! 

m 

ill 

Observed Emm 



lbs. 



lb*. 

in. 

fwt 




Unt welted 

S-pr a i. 
rilled gun. 

076 

Rlflr 

Eton- 

6-28 

2-50 

1010 

44-21 

563 

Just penetrated through tho 

put*-*. 


L O. 

gat'd 






put*. 

raw 




c.iht-iron 










shot. 







1-803 

13-pr. 

1*60 



11 SO 

300 

1 1 10 

1041 

1105 

As before. 

3-360 

20 -pr. 

3 13 

, , 

, , 

2»-Kl 

3 76 

1120 

218 -s 

1H-32 

A* before. 

*•820 

40-pr. 

6 ■ 00 



41-20 

4 76 

1160 

377-8 

26-32 

A -* before. 

3 »6 

6*-pr. smooth- 
bore. 

16 

L. Q. 

Spbed- 
ad cut- 

WftO 

7 *1 

13S0 

S78 

363 

At before. 





Iron sIjoL 








If the results given by this Table are compared with the effect of steel projectiles, it will appear 
that tho cast-iron shot requires about 2} times tho trork of the steel shot to effect the some pene- 
tration, except when the velocity of the cast-iron shot is high. 

Here observe that the distance of the 68- pounder was double that of tho other guns, and that 
being a cast-iron 08-poundcr, it was fired with a weak charge conqiond to what it would liavo stood 
had it ls*en a modern smooth-bond wrought-iron gun, in which case the chargo should have been 
24 lbs., the velocity 1700 ft. per second at 100 yards' range. 


Table H. — Showino the Difference between the Effects produced by Cast-iron and 
Steel Shot when Fired at Iron Plato. 
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It will be seen tlint it is Almost useless to fire east-iron projectiles against iron defences, if 
penetration is required. As «t<*«;I is a most expensive material for shot, and it has been proved that 
chilled iron is almost os good as steel, chilled iron will most probably be the generally used 
material for projectiles for battering purjweea. 

The projK-r form of front or Lewi to be given to hardened projectiles 1ms been a matter of much 
dispute. It has been found in practice, however, that the pointed form is the l>eat. The flat- 
headed or round-headed shot punches out a piece rtf tho anuour-plate, Figs. 319, 320. and drives it 
into the hocking ; the shot has no means of ridding itself of this piece of armour-plate, and tuts to 
push it in front of it through the backing. Thus in targets lionet rated by flat-headed or round- 
headed shot it 1ms always been found that the piece of armour-plate has passed through the target along 
with the shot. 


319 . 3 2L 



There is another disadvantage which the blunt-headed form labonra under — the tendency to 
net up or bulge at the head; and thia result is often very marked. A pointed head, on tho 
contrary, does not “set up” to anything like the same extent; aud almost all those which have 
been fired have preserved their points intact after passing through the plates, ace Figs. 321, 322, 
323. When, however, the shot is of the form of a pointed ogival, the results of its action are far 
different. Thia projectile cuts through the armour-plate, or rather tears through, and the nlnto is 
bent bock, and forced into the backing round the cage of tho hole; the shot thus passes through 
the backing without carrying any jaggod armour in front of it. Fig. 319. 
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The following Tablo K, gives the results of some late experiments, which clearly show the 
great superiority of the pointed head. 

In these experiments both steel shot and Palliser’s chilled shot and shell were used. All the 
projectiles were fired from the same gun, under the same circumstances, the velocity of each round 
being ol>served. The targets consisted of a structure representing the side of an iron-clad vessel, 
protected by solid plates of 6 in. thickness, backed by 18 in. of teak, an iron skin of two J-in. 
plates, the usual iron ribs, &c. Ac. A second target of unbacked 4 ■ 5-in. plates, inclined at an 
angle of 38 with the ground, was erected at the same clistance. 

The projectiles were of a mean weight of 115 lbs., and of the following forms of head : — 

For Pulliser's Chilled Shot. 

1. Ogival head, struck with a radius of one diameter, and brought to a point. 

2. Belgian form, head struck with a radius of 1*47 diameters, and pointed in the shape of 
a cone. 

3. Elliptical, the height of the ellipse being equal to the diameter of tho projectile. 

For Steel Shot . 

1. Hemispherical. 

2. Ogival head, struck with a radius of one diameter, and brought to a point. 
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The experiments against iron-plated targets seem in demonstrate the superiority of elongated 
over spherical projectiles, when the shot or shell are made of a hardened material. 

The principal objections to the spherical, as compared with the elongated form, may be 
enumerated as follows:— The form is ill adapted for |M<netration, either in the ease of steel or 
chilled iron projectiles, which require a pointed cylindrical form to develop their full power. The 
diameter being larger in proportion to tne weight, the projectile experience* a greater resistance, 
both from the air in its flight and from the plate on its impact. The range and accuracy is con- 
siderably inferior. The capacity of the projectile, as a shell, is much leas. Elongated projectiles 
have been found to be less liable to alter their shape on impact ; and the cylindrical form is much 
better adapted for steel or chilled shells, which, os spherical, would be almost worthless. 

Hut it is to be remcmlicred that neither has the target been fully worked out as a scientific 
application of strength, nor have any satisfactory experiments been made os to the effects of a 
different mode of attack — that is, that which would rack in the fullest degree, by simultaneous 
blows— against the present system of penetration by separate shot. And this is tne more impor- 
tant, since no great naval battle has been decided except at close quarters, where range and 
accuracy are thrown aside, and the victory belongs to those who hit hardest at short ranges with 
wholo broadsides delivered at once. Hero the superior velocity obtainable in all cases with 
spherical shot, up to 800 yds., would not fail to give moro work, particularly if one-third of the 
shot’s weight of powder be used as a battering-charge, which may well be done in modern guns. 
Hoe Artillery. 

It should be taken into account, that if armour-plate be driven in or penetrated at short 
ranges by oven spherical shot, shell effects follow. — the pieces of armour-plate, nuts, splinters, 
Ac., doing all that could be expected from any shell ; and that at long ranges all shot will strike 
at an angle with the horizontal, and any allot may strike the deck or masts even more probably 
than the armour-plate. The most complete armour and the cheapest that a ship can have is the 
power of sinking, so as to expose but little of her hull out of water. 

Figs. 324, 325, 326, represent the construction of the 1 Buffalo’ and the ‘Tiger,’ ships recently built 
for the Dutch Government ; the former being a ram anil monitor combined, and the latter a monitor. 
The dimensions of the * Buffalo* are:— breadth 40 ft., length 205 ft., depth 24 ft., tonnage 1472, load- 
draught 15ft. 6 in. The dimensions of the ‘Tiger* are : — breadth 41 ft., length 187 ft., anil depth 
1 1 ft. 6 in. Both vessels carry turrets of the same construction and dimensions, 6 ft. above the 
upper deck, and 22 ft. in diameter ; pierced for two guns, and fixed upon a circular platform ui»n 
the main deck. This platform is moved by means of machinery similar to a railway turn-table, 
ami can make one revolution in 45 seconds. The wall of the turret consists of 8-in. plates of 
malleable iron, 12 in. of teak, and 1-in. plates of wrought iron, making a total thickness of 21 in. 
Each of the 8-in. plates is 14J ft. by 3 ft., and forms one-fifth of the circle. There are ten of 
these plate* in each turret; they are secured to teak-backing by nut and screw bolts with "‘elastic 
cup-washers.” In the ‘Buffalo,’ Fig. 324, a low wall rim* out of the deck : it is of the same 
composition nnd thickness as the turret, the bottom of which it surrounds, and which, as well os 
the turning machinery, it protects. The outer skin of the vessel, for atxuit 100 ft. amidships, is 
composed of 6-in. armour-plates, tapering off to 4 } in. forward and 3 in. aft, laid on 10 in. of teak 
amidships, tapering off at each end to 8 in. 

Work* reiatinq to Armour: — ‘Report of the Secretary of the Navy on Armoured Vessels,* 
Washington, 1804. Norton and Valentine, ‘Report on the Munitions of War at the Paris Exhi- 
bition,' royal 8vn, 1808. Dislfero Note, ‘Sur la Marine des fitats-l'nis,' 8vo, Paris, 1807. Captain 
Noble's ‘ Rcjxirt on the Penetration, Ac., of Armour Plates,* fob, 1866. 

See also Humber’s ‘Record of Modern Engineering,’ fob, 1803. ‘Revue Maritime ct 
Colonial**.’ ‘Journal of the Royal United Service Institute.' 

Akkasthk, in GoM-mining. 

ARRASTRE. Fr., Moulin a mulct mexioain ; Ger,, Mcxicanischc Quarts Miihle ; Ital_, Aia da 
quarto; Si' AN., Arruttrc. 

The nrrastre consists of a circular pavement of stone, about 12 ft. in diameter, on which the 
quartz is ground by means of two or more large stones, or inullera, dragged continually over its 
surface, either by horses or mules, but more frequently by the latter. The periphery of the 
circular pavement is surrounded by a rough kerbiug of wood or flat stones, forming a kind 
of tub about 2 ft. in depth, and in its centre is a stout wooden post, firmly bedded in the ground, 
nnd standing nearly level with the exterior kerbing. Working on an iron pivot in this central 
]»ogt is a strong upright wooden shaft, secured at its upper extremity to a horizontal txam by 
another journal, which is often merely a prolongation of the shaft itself. This upright shaft is 
crown'd at right angles by two strong pieces of wood, forming four arms, of which one is made 
sufficiently long to admit of attaching two mules for working the machine. The grinding is 
performed by four large blocks of hard stone, usually porphyry or granite, attached to the arms 
either by chains or thongs of raw hide, in such a way that their edges, ill the direction of their 
motion, are raised atiout an inch from the stone pavement, whilst the other side trails upon it. 
These stones each weigh from 300 to 400 11 ms., and in some arrastre* two only are employed, in 
which case a single innle is sufficient to work the machine. 

Fig. 327 is a sectional view of a Mexican arrastre, in which A is the upright shaft ; B, arms 
to which mullers, C, arc attached ; and D, the mitral block of wood in which the lower bearing 
works. 

Some of the arrastres used by Mexican gold miners, nnd for the purpose of testing the value of 
quArtz veins, arc very rudely put together, the bottom Wing made of unhewn flat stones laid 
clown in day ; but in a well-constructed arrastre, intended to be permanently employed, the stones 
are careful ly dressed and closely jointed, and, after being placed in their respective positions, are 
grouted in with hydraulic cement. 

The charge for An ordinary arrastre is 450 lbs. of quartz, previously broken into pieces of 
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ft bout the size of pigeons* eggs, The machine is now act in motion, r little water being from time 
to time added, and at the expiration of from four to five hours the quartz has become reduced to a 
finely -divided state, and more water ia 

added, until the contents of the a rr astro 321 ' 

assume the consistency of tolerably thick 
cream. Quicksilver is then sprinkled 
over its surface to the amount of 1J oz. 
for every ounce of gold supposed to be 
contained in the finely -divided rock, 
which is generally known, with a con- 
siderable degree of accuracy, from the 
results obtained from previous charges. 

The grinding is after tins continued for 
another two hours, during which time 
the mercury ia divided into minute 
globules, and becomes disseminated 
throughout the mass, which should be 
of such a consistency as not to allow 
it to sink to the bottom, but be so held 
in suspension as to meet, and amalga- 
mate with, all tho particles of gold. At 
the expiration of this time the amal- 
gamation is considered complete, and 

the process of settling the amalgam from the ground silicious matter ia commenced. Water is 
now let into tho paste so as to render it very thin, and perfectly mobile, the mules Wing driven 
very slowly, in order to allow the particles of gold and amalgam to yield to the intluenec of 
their densities, and to sink to the bottom. After having in this wav slowly agitated the mix- 
ture for about half-an-hour, the thin mud is allowed to run oft* leaving behind it, in the bottom 
of the arrastre, the gold combined with mercury in tho form of amalgam. Another charge of 
broken quArtz is now put in, and the operation is repeated, time after time, until it iB thought 
desirable to stop for the purpose of cleaning up. In the roughly-constrncted arrastre. having 
a bottom of uncut stones laid in clay, the run is seldom less than ten flays, and i» sometimes 
extended to three weeks or a month. In this case the amalgam settles in tho crevices between 
the pavi rig-stones, which have to be dug up, and all the sand and mud between them care- 
fully washed. If, however, the machine be well constructed, and provided with a closcly-pavcd 
bottom, the cleaning up is more frequently repeated, since the quicksilver and amalgam do 
not find their way so readily between the stones, but remain on the surface, from which they are 
easily collected in an iron vessel, for subsequent treatment by straining and retorting. 

The arrastre does its work slowly, ami consumes a largo nmouut of power in proportion to the 
quantity of rock crushed, but ia an excellent amalgamator, and is often valuable for the purpose of 
testing newly-discovered veins, ami ascertaining their approximate yield. It is also the arrange- 
ment most commonly adopted by a miner, who, having found a rich pocket in his vein, is desirous 
of converting a jmrtinn of it into money, and of ascertaining whether it be likely to continue 
productive, before incurring the expense of erecting more costly ami complicated apparatus. A 
modification of the arrastre is not unfrequently employed for the treatment of pyrites separated 
from tailings by washing, and iB generally considered to lie well adapted for that purpose. 

ARRIS. Fr., Arete; (H:r., Amt*; Ital., Spigofa, Rieega; Si- an., Vito, arista. 

The angle formed by the meeting of two surfaces which Are not in tho Hanie plane. In 
builders’ work auy angle which retains its original sharpness. With workmen the term "arris” 
lias only one dimension, that of length, in which it differs from the word "edge," which usually haa 
two dimensions, riz. length ami thickness. The junction of two sides of a square stone is culled 
its arris, but the side of least dimensions of a board or a stone slab ia called its edge. 

AKHIS FILLET* Fr., Nervate angulaire ; Gkr., Scharf - 
kan tiger Vorxprung ; Ital., Corrente triangolare ; Span., Filet e de 
arista. 

An arris fillet is a slight piece of timber, triangular in sec- 
tion, used to raise the slates on a roof whore they arc cut by 
a chimney-shaft, skylight, or wall, when it cuts the slates 
obliquely ; the object being to throw off the wet which would 
otherwise find its way under the Hashing. See Fiixet. 

AKHIS GUTTER. Fr., (lout tier* angtUaire ; Gnu Scharf- 
kantige Dackrinne ; Ital., tionui n V ; Span., Gotera de forma y. 

An arris gutter is a gutter formed to a y -shape, usually of 
wood, and fixed to the eaves of a building. 

AKHIS KAIL. F r^ Omilre angxdaire ; Gkb., Kantenschiene ; 

Ital., Jtegoio triangolare ; Span., Rail de forma y. 

An arris rail , in carpentry, is a rail ent to a triangular sec- 
tion, and when fixed to poets, as Fig. 828, shows the arris in front with an oblique surface on each 
side. A flat rail, or one with a rectangular section, would be called a riband, if used y , 9 
in a palisade. 

ARRIS- WISE. Fr., En Diagonals ; Gkr., Eckvcisc; Ital,, A sbieco; Sr an., 

Diagonalmentr , 

A balk or piece of squared timber sawn diagonally. Fig. 829, ia said to bo cut 
M arris-wise." 

In bricklayera’ work, tiles laid diagonally. 
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ARSENIC. Fr., Arsenic ; Grjt., Arsenik ; Ital., Arsmico; Span., Artnuco. 

Arsenic in a metal of n steel-grey colour, and brilliant lustre, though usually dull from tarnish. 
This metal is usually obtained from arsenious acid, aud the latter by calcination from native 
arson iureta, such as those of iron, copper, and other metals. Hence it in, in most cases, a secondary 
product. Yet much of the arsenious acid of commerce is manufactured from iron pyrites, which, 
wheu the arsenic is extracted, serves no other purpose. Arsenic enters os an imiKirtant agent 
into many branches of art, and is a useful metal in forming fusible alloys. 

The metal arsenic is not poisonous, but one of its oxides (arsenious acid), formed by its com- 
bustion in air, is extremely so; and in o|ierating either with the metal or the acid some caution is 
required on the part of the operator. When arsenious arid is operated on, if we moisten it, tho 
inhalation of the dust is prevented. And when an alloy of arsenic is melted and operated on, tho 
vapours of the metal are made harmless when the operator fills his mouth with grains of charcoal, 
renewing them from time to time. This charcoal will alworh any arsenic which may accidentally 
enter the orgnns of respiration. Arsenical pyrites is the common ore of this metal. It is hero 
combimd with iron, silver, gold, bismuth, and antimony. In all cases of its application in 
practice, we may consider the arsenious acid as the only ore; and as this is obtained as a 
secondary product in the calcination of cohalt ores, we shall include tho description of its manu- 
facture in the article on that substance. 

The arsenious acid of commerce is white, glassy when fresh, but generally opaque when 
brought into market for aale. For metallurgical purposes no arsenious acid in powder ought to bo 
used, for it is frequently adulterated with gypeum or other matter. The commercial article is 
always more or less perfectly glassy or milky, or transparent in the interior of the fiat pieces, while 
on the exterior it up|>carM o|«ique; it is generally vitreous throughout its whole mass. It is 
slightly soluble in water. About ten parts may be dissolved in Ixriling water : this quantity, 
however, depend* on the amount of acid present. Water never dissolves the whole of it, even 
when less than the above quantity is exposed to its action; it will dissolve more when a largo 
quantity of acid is afforded. Arsenious acid consists of 75 • 8 metal, and 24*19 oxygen. It sublimes 
in open vessels at 380^ ; it i* decorajx>sed by hydrogen, carbon, sulphur, phosphorus, and some 
metals, such as lead, iron, silver, Ac. 

The metal arsenic is easily obtained pure when arsenious acid is mixed with fatty oil, or a 
compound of carbon and hydrogen, or finely-pulverized soft charcoal, and hcah-d gently in a glass 
tube. It evaporates at 350°, and is therefore easily smelted, and the metal ootidens' 1 * in tho 
cold jmrts of the heated tube. In large quantities it may lie obtained by mixing arsenious acid 
with c»iarse charcoal-powder, or what is better still, emtm — small fragments of bituminous coal — 
and exposing it in a large crucible to a red heat. This crucible is covered by a second one, ns 
shown in Fig. 330, and well lut'd ; the lower pot is exposed to a red beat, while the upper one is 
kept cool. The metal thus form'd and 
evaporated will condense in the upper not, 
from which it is easily separated, when 
cold. The same operation may bo performed 
on arsenical pyrites, without carooo ; and 
the metal is obtained in a similar manner. 

Iron, nickel, and other permanent metals 
remain in the lower pot, combined with 
some arsenic. 

The metal is of a high lustre, and 
greyish-white; it* specific gravity is 5*70. 

Its weight and lustre increase with its 
purity. It evaporates without melting; and 
its vapours, which smell strongly of garlic, 
are sometimes confound'd with those of 
phosphorus. Arsenious acid does not smell ; 
it is the metal only which emit* this odour. 

It is not ductile, nor malleable, and may he 
convert'd into line powder in a mortar. It 
in highly combustible, and deflagrates when 
either mixed or heated gently with salt- 
petre. 

If this metal, in it* pure state, is of little interest to the metallurgist, its alloys are of much 
value. All metals, without an exception, are made more fusible by the addition of arsenic ; in 
some instances its influence is remarkably distinct. The alkaline metals combine with it with 
great facility, even when it is simply heat'd with the oxide* of theme metals — such as potassa or 
soda. It requires extreme caution to operate on these alloy's ; that is, on those of the alkaline 
metals and arsenic, because they decom|>o*o rapidly in damp air. and evolve araeniuretted 
hydrogen — a virulent poison — the effect of which resists the most refined skill of the physician. 
In combination with lead — in shot — arsenic is harmless; and also in all compounds of the proper 
metals, when its quantity is not bio large. Aluminum, nnd all the metals of this class, combine very 
readily with arsenic. In fact, all metals combine cosily with arsenic, hut they are quite as easilv 
decomposed. The decomposition of arsenical alloys is effected by merely continued heat, and, with 
tho exception of silver, in a short time. The higher the degree of heat is, so much shorter is tho 
time in which the act is accomplished. When it is desirable to retain arsenic in the composition, 
it is noccsKary to melt the metal* at a* low a heat as possible. The combination of arsenic with 
other metals is os easily performed a* the decomposition. Metallic arsenic and load cannot 
be combined directly : but when melted lead is covered by arsenious ncid, some lead is oxidized, 
and in its place arsenic is absorbed. In the same manner, other metals, which melt at or near the 
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heat at which aracniou* acid volatilises, may be combined with arsenic. Iron, chromium, copper, 
and others, cannot be alloyed by those means, but they may be effectually combined with arsenic 
in a manner described iu our articles on these metals; and there is no doubt that nil alloys of this 
kind are most safely and correctly compounded by that manner — namely, cementing the metals 
directly, or their oxides, with arsenious acid and carbon, at a heat at which neither the refractory- 
metals nor the alloy is melted, and then melt the alloy thus formed at the lowest heat At which 
it will dissolve in a crucible, with the exclusion of oxygen; that is, under a cover of fusible 
glass. 

Alloy* of arsenic cannot be converted into vessels in which fond for men or animals is pre- 
pared, but it finds extensive applications in other cases; and wheu its properties are more 
thoroughly understood, it will be still more generally used. In virtue of its pro|>erty of causing 
the fluidity of metals, when present in small quantities, it promotes the union of those metals 
which, without its assistance, do not unite. Zinc and lead do not unite very readily ; but with the 
assistance of a little arsenic, both form a firm combination. Iron has no nilinity for lead, but 
when arsenic is present it forms an alloy with it. Thus we may form combinations which, without 
the assistance of arsenic, cannot so easily l*? accomplished. Iron and alumina may be formed by 
melting grey-iron and pure alumina together; iu this case all the impurities of the cast iron are 
in the compound. When pure iron filings or turnings are cemcutcd in alumina, arsenious acid, 
and carbon, and then melted iu a crucible so ns to expel the arsenic, au alloy of iron and 
aluminum of great purity is formed, which, however, contains traces of arsenic. 

Arsenic, like antimony, has a remarkable tendency to cause metals to crystallize ; but it doe* 
not make quite as brittle alloys as tho latter. In producing a high degree of fluidity, it admits the 
melting of metals at a low heat, and consequently the formation of small crystals and fine grain, 
and enables the metals to contract into a small compass, which causes them to he close and to 
assume a high polish. With the closeness of grain, the hardness and brittleness increases. 

Arsenic causes all metals to be whiter than they naturally are. 

ARTESIAN WELL. Kb., Putts artesian ; Gf.r., Arte sue her Brunnen ; ITAI*, Pozzo artesian o ; 
Span., Pozo artesien. 

An artesian well i* a shaft sunk or bored through impermeable strata, until a water-bearing 
stratum is tapped, when the water is forced upwards by means of the hydrostatic pressure due to 
the superior level at which the rain-water was received. 

When comparing the operations and tools of artesian well-borers, George Bowdon Burnell, in a 
paper, given in tho Miuutcs of the Institution of Civil Engineers, “ On the Machinery Employed in 
Sinking Artesian Wells on the Continent,” takes three systems, namely, — the Chinese, or Fauvelle'* 
system ; the French well -borers’, or, rather, the usual well-borers’ system ; nud Kind’s system. 
Of these, the system of Fauvelle was at first much patronized by Amgo and by Dr. Buckland, 
but it is now very little practised on the Continent, and not at all in Great Britain. Tho prin- 
ciples u|xm which it was founded were, firet, thaf the motion given to the tool in rotation wo* 
simply derived from the resistance that a mpe would oppose to an effort of torsion ; and, therefore, 
that the limits of application of the system were only’ such as would provide that the tool should 
be safely acted upon ; and, secondly, that the injection of a current of water, descending through 
a central tube, should wash out the detritus created by the cutting tool at the bottom. Tho 
difficulties attending the removal of the detritus were enormous; and, though the system of 
Fauvelle answered tolerably well when applied to shallow borings, it was fouud to be attended 
with such disadvantages when applied on a large scale, that it has been generally abandoned. 
The quantity of water required to keep the boring-tool clear is a great objection to the introduc- 
tion of this system, es|)ccially as in the majority of cases artesian wells are sunk in such places as 
are deprived of the advantage of a large supply. 

In the ordinary system of well-boring, the motion of the tools used for the comminution, or for 
the removal of the rocks, is effected by the use of solid iron rod*, connected with the upper parte 
of the machinery, so that the weight of the rods, and the weight of the tools themselves, increase 
in proportion to the depth of the excavation. It follows from this fact, that where the excavation 
is very deep, there is considerable difficulty in transmitting the blow of the tool, in consequence 
of the vibration produced in the long rod, or in oonseouence of the torsion ; and, for the same 
reason, there is a danger of the blows not being equally delivered at the bottom. It has been 
attempted to obviate this difficulty by the use of hollow rods, presenting greater sectional area 
than was alsmlutely necessary for the particular case, in order to increase their lateral resistance 
to the blows tending to produce vibration. The trepan is made ho as to fall from a height of 
2 feet, hut the disengagement of the machinery is effected by the reaction of the column of water 
that the trepan works in. The majority of well-borers have, in many instances, used the hollow 
rods filled with cork, or with similar substances, and they have also tried the Euyenhauscn joint ; 
but they do not appear to have made so much use of Kind’s system for removing the products of 
the excavation, ana they more frequently resort to augers and rhisela. 

The first well that was executed of great depth, and which gave rise to the adoption of tool* 
which directed public attention to the art of well-boring, was tlmt for the city of Paris by Mulot, 
At the Abattoir of Grenelle. This was commenced in the year 1832; and, after more than eight 
years’ incessant laltour. water rose, on the 26th of February, 1812, from the total depth of 1798 
feet. Subsequent to this, many wells have been sunk on the Continent, with the hope of attaining; 
the brine springs so often met with in the Rhine province*, or the springs destined for the supply 
of towns, and which are even deeper than the well of Grenelle, reaching in some cases to the 
extraordinary depth of 2800 feet; but all of them, like the Grenelle well, of small diameter. In 
their construction, however, the German engineers introduced some important modification* of the 
tools employed ; and, amongst other inventions, Euyenhausen imparted a sliding movement to the 
striking part of the tool used for comminuting the rock, bo os to fall always through a certain dis- 
tance ; and thus, while he produced a uniform action upon the rock at tho bottom, he avoided the 
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jar of the tools. Kind also began to apply his system to the working of the large excavations for 
"the purpose of winning coal. Whilst the Hrt was in this state, and when he had already executed 
some very important works in Germany, Belgium, the North of France, Creuzot, Kerning, &c., the 
Municipal Council of Faria determined to intrust him with the execution of a new well they were 
about to sink at Paasy. The well of Passy was intended to be executed in the Paris basin, which 
it was to traverse with a diameter, hitherto unatteinpted, of 1 metre, 3*2809 ft.; that of the 
Grenelle well being only 20 centimetres, 8 in. It was calculated that it would reach the water- 
bearing stratum at nearly the same depth as the latter, and would yield 8000 metre* or 10,000 
cubic metre** in 24 hours, or about 1 ,786,240 gallons to 2,232,800 gallons a-day. 

The operations wen* undertaken by Kind under a contract with the Municipality of Paris, by 
which he bound himself to complete the works within the space of twelve months from the date 
of their commencement, and to deliver the above quantity of water for the sum of 300,000 francs, 
12.000/. On the 31«t of May, 1857 — after the workmen tiad been engaged nearly the time stipu- 
lated for the completion of the work, and when the boring had been advanced to the depth of 
1732 ft. from the surface— the excavation suddenly collapsed in the upper strata, bt about 100 ft. 
from the ground, and tilled up the bon'. Kind would have been rained had the engineers of the 
town held him to the strict letter of hi* contract ; hut it was decided to behave in a liberal 
manner, and to release him from it, the tow*n retaining his services for the completion of the well, 
as also the right to use his patent machinery. The difficulties encountered in carrying the exca- 
vation through the clays of the upper strata were found to he so serious that, under the new 
arrangement, it required six years and nine months of continuous efforts to reach the water- 
bearing stratum, of which time the far larger jtortion was employed in traversing the clay l>cds. 
The upper part of this well was finally lined with solid masonry, to the depth of 150 ft. from the 
surface ; and beyond that depth tubing of wood and iron was introduced. This tubing was 
continued to the depth of 1804 ft. from the surface, and had at the bottom a length of copper pipe 
pierced with holes to allow the water to enter. At this depth the compound tubing could not do 
made to descend any lower; but the engineers employed by the city of Pari* were convinced that 
they could obtain the water by means of a preliminary boring; and therefore they proceeded to 
sink in the interior of the above tube of 3*2809 ft. diameter, an inner tube 2 ft. 4 tu. diameter, 
formed of wrought-iron plates 2 in. thick, so as to enable them to traverse the clays encountered 
at this cone. At last, the water-bearing strata were met with on the 24th of September, 1861, at 
the depth of 1913 ft. 10 in. from the ground-line; the yield of the well being, nt the first stroke of 
the tool that pierced the crust. 15,000 cubic metres in 24 hours, or 3,349.200 gallons inlay ; it 
quicklv rose to 25,000 cubic metres, or 5,582,000 gullons a-day ; and as long as the column of wnter 
rose without any sensible diminution, it continued to deliver a uniform quantity of 17,000 metres, 
or 3,795,000 gallon* a-day. The total cost of this well was more than 40,000/., instead of 12,000/., 
at which Kind had originally estimated it. 

In sinking the well of Passy, the weight of the trepan for comminuting the rock was about 
1 ton lGewt., 1800 kilog. ; the height through which it fell was about 00 centimetres; and its 
diameter was 3 ft. 3j^ in., 1 mi?tre. The rods w*cre of oak, about 8 in. on the Bide, and the dimensions 
of the cutting tool were limited to 3 ft. 3^ in. because it worked the whole time in water; but 
generally the class of borings Kind undertook were of such a description as justified resorting to 
tools of great dimensions. When sinking the shafts for winning coal, his operations required to 
be carried on with the full diameters of 10 ft. or 14 ft.; and he then drove a boring of 3 ft. 4 in. 
diameter in the first instance, and subsequently enlarged this excavation. There can he no 
objection to executing artesian borings of this diameter, other than the probable exhaustion of tho 
supply; particularly as it is now known that 
the yield of water by these method* is propor- 
tionate to the diameter of the column ; though, 
strange as it may ap|iear. the first opposition to 
Kind's plan of sinking the well of Passy was 
founded upon the assumption that he would 
not meet with a larger supply of water from tho 
sub-cretaceous formations than had been met 
with at Grenelle, where the diameter of tho 
boring wus nt the bottom not more than 8 in. 

It is now, however, proved that there is a 
direct gain in adopting the larger borings, not 
only as regards the quantity of water to bo 
derived from them, hut also in their execution, 
arising from the fact that the tools can be made 
more secure against tho effects of torsion or of 
concussion against the sides of the excavation, 
which is the cause of tho most serious accidents 
met with in well-sinking. 

The trepan of M. Kind contains some pecu- 
liar details, which are shown in Figs. 331, 332. 

The trepan is composed of two principal pieces, 
the frame and the arms, both of wrought iron, 
with the exception of the teeth of tho cutting 
part, which are of east steel. The frame has at 
the bottom a series of holes, slightly conical, 
into which the teeth are inserted, and tightly 
wedged up. Fig. 333. These teeth are placed" with their cutting edge* on the longitudinal axis of 
the frame that receives them ; and at the extremity of the frame there arc formed tw*o heads. 
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forged out of the same piece with the body of the tool, which also carries two teeth, placed in tho 
same direction as the others, but double their width, in order to render this part of the tool more 
powerful. By increasing the dimensions of these end-teeth, the diameter of the boring can be 
augmented, so as to compensate for the diminution of the clear space caused by the tubing, 
necessarily introduced for security in traversing strata disposed to fall in, or for tLe purpose of 
allowing the water from below to escape at an intermediate level. 

Above the lower part of the frame of the trepan is a second piece, composed of two parts bolted 
together, and made to support the lower portion of the frame. This part of the machinery also 
carries two teeth at its extremities, which serve to guide the tool in its descent, and to work off 
tho asperities loft by the lower portion of the trepan, Above this, again, are the guides of tho 
machinery, properly speaking, consisting of two pieces of wrought iron, arranged in the form of a 
cross, with the onda turned up, ho as to preserve the machinery |icrfeetly vertical in its movements, 
by pressing against the sides of the boring already executed. These pieces are independent of 
the blades of the trepan, and may be moved closer to it or farther away from it, as may be 
desired. The stem and the arms are terminated by a single piece of wrought iron, which is 
joined to the frame with a kind of wuldh^joint, and is kept in its place bv means of keys and wedges. 
The whole of the trepan is finally jointed to the great mds that communicate the motion from the 
surface, by means of a screw-coupling, formed below the part of the tool which bears the joint; 
this arrangement permits the free fall of the cutting part, and unites the top of the anus and 
frame, and the rod, Fig. 334. It has been proposed to substitute for this screw-coupling a keyed 
joint, in order to avoid the inconvenience frequently found to attend the rusting of the screw, 
which often interposes great difficulties in cases where it becomes necessary to withdraw tho 
trepan. Kind introduced some modifications in the trepans employed in carrying out the large 
borings for the coal mines in Belgium. These modifications were rendered necessary by the large 
dimensions he was obliged to give the borings, and by the preliminary use of a smaller trepan. 

Tho sliding joint is the part of Euvonhausen’s invention rnosi unhesitatingly adopted by 
Kind, and it is ono of the peculiarities of his system as contrasted with the processes formerly in 
use. So long as his operations were confined to the small dimensions usually adopted for artesian 
borings, he contented himself with making a description of joint with a free fall : a simple move- 
ment of disengagement regulating tho height fixed by the machinery itself, like the fall of the 
monkey in a pile-driving machine ; but it whs found that this system did not answer when applied 
to large excavations, ami it also presented certain dangers. Kind then, for the larger class of 
borings, availed himself of sliding guides, so contrived as to ho equally thrown out of gear when 
the machinery had come to the end of the stroke, and maintained in their respective positions by 
being made in two pieces, of which the inner one worked upon slides, moving freely in the piece 
that communicated the motion to the striking part of the machinery. The two parts of the tool 
were connected with pins, and with a sliding mint, which, in the Passy well, was thrown out of 
gear by the reaction of the column of water above the tool unloosing the click that upheld the 
lower part of the trepan, Figs. 335, 33G, 337. The changes thus made in the usual way of 



releasing the tool, and in guiding it in its fall were, however, matters of detail ; they involved no 
new principle in the manner of well-boring : and the modern authorities upon the subject con- 
sider that there was something deficient in Kind’s system of making the column of water act upon 
a disc by which the click was set in motion. This system, in fact, required the presence of a 
column of water, not always to bo commanded, especially when the borings had to bo executed in 
the carboniferous series. 

The reds used for tho suspension of the trepan, and for the transmission of tho blows to it, 
were of oak ; and this alone would constitute one of the moat characteristic differences between the 
system of tools introduced by Kind and those made by the majority of well-borers, but which, like 
the disengagement of the tool intended to comminute the rock, depended for its success upon the 
boring being filled with water. The resistance that the wood offers, by its elasticity, to the 
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effects of nnv sudden jar, is also to be taken into account in the comparison of the latter with 
iron, for the iron is liable to change its form under the influence of this cause. The resistance to 
an effort of torsion need not, however, l>c much dwelt on, for the turn given to the trepan is 
always made when the tool is lifted up from its bed. For the purpose of making the rods, Kind 
recommended that straight-grown trees, of the requisite diameter, should be selected, rather than 
that they should be made of cut timber, as there is leas danger of the wood warping, and the 
character of the wood is more homogeneous. He generally used these trees iu lengths of about 50 
feet, and he connected them at the ends with wrought-iron joints, lilting one into the other, Fig. 
338. The ironwork of the joints is made with a shoulder underneath the screw-coupling, to allow 
the rods to be suspended by the ordinary ermf 9-foot during the operation of raising or lowering 
them. In the works executed at Pasty there was a kind of frame erected over the centre of tho 
boring, of sufficient height to allow of the roils beiug withdrawn in two lengths at a time, thus 
producing a considerable economy of time and ltbov. 

All the processes yet introduced for removing the products of the excavation must be consi- 
dered to be, more or less, defective, l>ecau»e all are established on tho supposition that the 
comminuting tool must be withdrawn, in order that the spoon, or other tool intended to remove 
the products of the working of the comiuinutor, may be inserted. This remark applies to Kind’s 
o|>erations at Fussy and elsewhere, as he removed the rock detached from the bottom of the exca- 
vation by a spoon. Figs. 339, 340, which was a modification of the tool he invariably employs for 
this purpose. It consisted of a cylinder of wrought iron, suspended from the rods by a frame, and 
fastened to it, a little below the centre of gravity, so that the operation of upsetting it, when 
loaded, could 1#? easily performed. This cylinder was lowered to the level of the last workings of 
the tre|>an, and the materials already detached by that instrument were forced into the tool, by 
the gradual movement of the latter in a vertical direction, 8ome other implements, employed by 
Kind for the purpose of removing the products of the excavation in the shafts for the coal-mines 
of the North of France, were ingenious, and well adapted to the large dimensions of the shafts; 
but they were all, in some degree, exposed to the danger of becoming fixed, if used in the small 
borings of artesian wells, by the minute particles of rocks falling down between their sides and 
the excavation from above. Their use was therefore alandoned, and the well of Pamy was 
cleared out with the spoon, the bottom of which was made to open upwards, with a hinged flap, 
which admitted the finer materials detached by the trepan. There were also several tools for the 
purpose of withdrawing the broken jxarts of the machinery from the excavation, or whatever sub- 
stances might fall in from above ; and all were marked by a great degree of simplicity, but they 
did not differ enough from those generally used by well-borers for the same purposes to merit 
further remarks. In fact, the accidents intended to be guarded against or remedied are so pre- 
cisely alike in all cases, that there can be little variety in tho manufacture of these instruments. 
But O. It. Burnell believed that Kind deprived himself of a valuable appliance iu not using the 
ball-clack, la mmpape it toutet, that other well-borers employ. Fig. 841. The tools used by Mulot, 
Laurent, Dru, and other French well-borers, are admirably adapted for the extraction of the 
materials from excavations of small diameter, hut would be of no avail if applied to the well of 
I‘aasy. Thev seem to have been designed for wells which rarely exceed the diameter of that 
executed at Crenelle. 


338. _ 339. Ml. 342. 343. 



At Passy, great strength was given to tho head of tho striking-tool, and to the part of the 
machinery applied to turn the trepan, lava use the great weight of the latter superinduced the 
danger of its breaking off under the influence of the shock, and because the solidity of this part 
of the machinery necessarily regulated the whole working of the tool. The head of tho “assem- 
blage " was connected with the balance-beam of the steam-engine by a Vanc&nson chain, with a 
screw-coupling, admitting of being lengthened as the trepan descended. Figs. 342, 343. The 
balance-beam, in order to increase its elastic force in the upward stroke, is in Kind’s works made of 
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wood, in two pieces ; the upper one being of fir and the lower one of beech. The whole of the 
machinery i» put in motion by steam, which is admitted to the upper part of the cylinder, and 
presses it down, and thus raises the to*il at the other end of the beam to that part in connection 
with the cylinder. The counterpoise to the weight of the tools is also placed upon thp cylinder- 
end of the beam. The cylinder receives the steam through ports that are opened and closed by 
hand, like those of a Nasmyth's hammer whieh was invented by Robert Wilsou, of Patricroft : so 
that the numlier of the strokes of the piston may be increased or diminished, and the length of 
tile strokes may 1 m* increased, as occasion may require. 

The balance-beam is continued beyond the point where the piston is connected with it, and it 
goes to meet the blocks pinned to cheek the force of tho blow given by tho descent of the tool. 
The guides of the piston-hcuu ire attached to the part of the machinery that acts in this manner; 
hut at Pansy, Kind made the balance-ljcam work upon two free plummer-blocks, or blocks having 
no permanent cover, that they might be more easily moved whenever it was necessary to displace 
tiie beam, for the purpose of takiug up or letting down the rods, or for changing the tools ; for tho 
balance-beam was always immediately over the centre of the tools, and it therefore had to bo 
displaced every time that the latter were required to be changed. This was effected by allowing 
the beam to slide horizontally, so as to leave the mouth of tho pit open. The counter-check, 
above mentioned, likewise prevented the piston from striking the cylinder -cover with too great a 
force when it was brought Imck by the weight of the tools to its original position. The o]>oratioii 
of raising and lowering the reds, or of changing the tools, was performed at Passy by a sejiarato 
steam-engine, ami the sjioou was discharged into a special truck, moving upon a railway expressly 
laid for this purpose in the great tower erected over the excavation. All these arrangements were 
in fact made with the extreme attention to the details of the various juarts of the work which 
characterizes the proceedings of foreign engineers, and conduces so much to their success. 

The heating, or comminution of the rock, was usually effected at Pussy at the rate of from 
fifteen strokes to twenty strokes per minute. The rate of descent, of course, differed in a marked 
manner, according to the nature of the rock operated uj*m ; hut, generally qu aking, the trepan 
was worked for tho space of about eight hours at a time, after which it was withdrawn, and the 
8(MM>n let down, in older to remove tho detritus. The average number of men employed in the 
gang, besides the foreman, or the superintendent of the well, wns about fourteen : they consisted 
of a smith and hammerman, whose duty it was to keep the tools in order; and two shifts of men 
intrusted with the excavation, namely, an engine-driver and stoker, a chief workman, or sub- 
foreman. and three assistants. The total time employed in sinking the shafts executed upon this 
system in the North of France, where it has been applied without meeting with the accidents 
encountered in the Pussy well, was found to be susceptible of being divided in the following 
manlier: from 25 |w*r cent, to 58 per cent, was employed in mameuvring the trepan; from 11 per 
cent, to 14) per cent, in raising and lowering the tools; from 19 per cent, to 21 per cent, in remov- 
ing the materials detached from the rocks, and cleaning out the liottom of the excavation ; and 
from 8 per cent, to 10) |*«r cent, was lost, owing to the stoppage of the engines, or to the accidents 
from broken tools, or to other causes always attending these operations. In the well of Passy 
there was. of course, a considerable difference in the proportions of the time employed in tho 
various details of the work ; and the long period occupied in obviating the effects of the slips 
which took place in the clays, both in the basement beds of the Paris basin and in the sub-creta- 
ceous strata, would render any comparison derived from that well of little value; but it would 
appear that, until the great accident occurred, tho various operations went on precisely as Kind 
had calculated upon. 

Tho essential difference between the systems of Kind and those of the ordinary well-borers 
appears to consist in the use of a trepan of considerable diameter, fulling through a certain height ; 
and in the rods of oak, working in water, which were thus easily counterbalanced. All the other 
tools employed are in point of fact quite irrespective of the merits of the various processes. Tho 
advantages of these inventions would bo verv great, provided the well were sunk in such circum- 
stances as would allow of its being worked under water; and the results of the Passv boring 
demonstrated that these inventions had a real existence, for the accidents attending tfint work 
were such as might have been expected in tho course of boring artesian wells. It may be ques- 
tioned whether the engineers of the town were justified in passing the contract with Kind to 
finish the work within thy time, and for tho sum at which no undertook it ; but they certainly 
treated him with kindness and consideration, in allowing him to conduct the work at the expeuse 
of the city of Paris, for so long a period after tho expiration of his contract. It aeems, however, 
that the French well-borers could not at the time have attempted to continue the well upon any 
other system than that introduced by Kind ; that is to say, upon the supposition that it should bo 
completed of the dimensions originally undertaken. The patent has now expired, and the pro- 
cesses he introduced have consequently been ojien to the imitation of all the world, and no doubt 
they will be adopted by the French well-borers. Experience has shown, in fact, that this detail 
was badly executed at the well of Passy, The masonry lining was introduced after his contract 
had expired, and when he hud ceased to have the control of the works ; the w'rought-iron tubing 
at the lower port of the excavation being a subsequent idea. It has followed from tins defective 
System of tuning— the wood necessarily yielding in the vertical joints— that the water in its 
upward passage escaped through the joints, and went to supply the basement bods of the Paris 
basin, which are as much resorted to ns thy London wind- beds for an artesian supply ; and, in 
fact, the level of the water has been raised in tho neighbouring wells by the quantity let in from 
below, atul the yield of the well itself has been proportionally diminished, until it has fallen to 
450,000 gallons per day. That the increased yield of the neighbouring wells is to be accounted 
for by the escape of the water from the artesian boring is additionally proved by the temperature 
of tho water in them; it is found to be nearly 82- > Fab., or nearly that observed in tho water of 
Passy. This was an unfortunate complication of tho bargain mode between Kind and the Muni- 
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cipnl Council : but it in no respect affects the choice of the boring machinery, which seems to have 
complied with all the conditions it was designed to meet. The descent of the tubes and their 
nature ought to have been the subject of special study by the engineers of the town, who should 
have known the nature of the strata to be traversed better than Kind could be supposed to do, 
and should have insiatid upon the tubing being executed of cast or wrought iron, so os effectually 
to resist the passage of the water. At any rate, this precaution ought to have been taken in the 
portions of the well earri<d through the basement beds of the Paris basin, or through the lower 
members of the chalk and the upper greensand. It may also be observed that a remarkable 
change has been noticed in connection with the subterranean disturbances which have lately 
taken place in France. The water in this well is at these times rendered thick, cloudy, and 
totally unfit for human consumption. The discolouration of the water, however, is not dependent 
upon this cause, but is owing to the strata through which the boring passes being washed out, 
wliich is in itself a serious objection to tho use of the water of this well. 

The system applied by Dru is worthy of attention, not so much on account of tho novelty of 
tho invention, or of any new principle involved in it, as on account of the contrivances it contains 
for the application of the tool, “a chute libre ,** or the free-falling tool, to artesiau wells of large 
diameters. It has been already explained, that under Kind's arrangements the trepan was 
thrown out of gear by the reaction of tho water which was allowed to find its way into the 
column of the excavation; but that it is not always fiossible to command the supply of the quan- 
tity necessary for that purpose; and even when )x»Mible, tho clutch Kind adopted was so shaped 
as to be subject to much ana mpid wear. Dru, with a view to obviate both these inconveniences, 
made his trepan in the manner shown in Fig. 335, in which it will be seen that tho tool was 
gradually raised until it came in contact with the fixed part of the upper machinery, when it 
was thrown out of gear. Tho bearings of tho clutch were parallel to the horizontal line, and 
were found in practice to be more evenly worn, so that this instrument could be worked sometimes 
from eight days to fourteen days without intermission ; whereas, on Kind’s system, tho tre|Mtn was 
frequently withdmwn after two days’ or three flays’ service. Another great recommendation of 
Dru’s system, if applied in cases where water is scarce, is that there is no necessity for a column of 
water with the trepan ; but in all other essential respects the details of his machinery are the same 
as those employed by Kind, who must Ik* considered to have advanced the science of well-boring 
hv the introduction of timber-rods, the manner of Wlancing them, and by the use of the trepan, 
all of which were first applied at the artesian boring of Pussy, and enabled it to be executed in 
a comparatively Bhnrt space of time. The tools introduced by Dru and other modern well-borers 
are doubtlessly better fitted for the artesian Wirings of small diameter, and for such as are froo 
from water from the upper strata; but the advantage ceases when these conditions are reversed. 

The nnturc and depths of the different strata bored through in sinking an artesian well at 
Kentish Town, Loudon, are shown in Fig. 344 ; Fig. 345 shows the nature and extent of the 
strata that were met in boring the nrtesian well at Pussy, Paris ; and Fig. 34b, in a similar 
manner, exhibits the range and nature of the strata perforated in Wiring tho artesian well at 
Grenelle, to which we have so often referred. 

We take an account of some recent operations in artesian well-boring by M. Dru, of Paris, 
from a paper read by him at the Conservatoire dea Arts et Metiers, Paris, Gth June, 1807, and 
published in the 4 Proceedings of the Institute of Mechanical Engineers.* 

The artesian wells at present sunk in the tertiary formation of the Paris basin, Fig. 347, range 
in size generally from about 8 in. down to 2 in. diameter, with a depth of about 230 to 350 ft. 


Geological Section from Xiort to Verdun, through the Paris basin. 



The bore-hole is usually lined with copper, in order to make the wells water-tight and bring tho 
water to tin* surface without loss. These works often present considerable difficulties in their 
execution, from the frequent changes in the nature of the ground posnd through, and from tho 
impediments that are so often encountered in driving the tubes through the beds of sand and clay. 
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Borings of a much greater depth and larger size are now in process of execution in Paris, for 
the purpose of bringing to the surface a large supply of the artesian waters from the lower green- 
sand underlying the chalk, in the secondary formation : the existence of a supply of water in that 
stratum has already keen proved by the well sunk at Grcnelle of 3$ in. diameter, and the 
subsequent one of 2*74 in. diameter sunk at Pansy. Each of these two artesian wells required six 
or seven years’ work for its completion ; their situation in Paris is shown in the plan, Fig. 348. 



Reference. — P, Piusy Well. G, Grenelle. B, Butte-aux-Coilles. It, Sugar Refinery. 


A largo artesian well was, in 1867, being constructed by Dru at Butte-aux-Cailles, Fig. 348. 
for the supply of the city of Paris, which is intended to bo carried down through the greensand 
to a depth of 2600 or 2900 ft. to reach the Portland limestone. The boring in 1887 was 490 ft. 
deep, and its diameter 47 in. 

During the previous 24 years, M. Dm was engaged in sinking a similar well of 19 in. diameter 
for supplying the Sugar Refinery of M. Say, in Paris, Fig. 349; 1570 ft. deep of this well had been 
bored in 1887, see Fig. 349. 

For the smaller wells, hand-boring tools are in use; but theso arc limited to borings of incon- 
siderable depth and small diameter. For borings of the diameter of these large wells, it is necessary 
to make use of special tools, worked entirely by steam-power ; and in some cases of sinking mine- 
shafts, tools of as large a diameter as 14 j ft. have been used. The boring is effected by a rotary 
motion in the case of the small diameters; but in borings of a large diameter and considerable 
depth, percussive action alone is employed, which is effected by raising the tool and letting it 
fell with successive strokes. 

The apparatus employed by M. Dm in boring the large wells that have been mentioned, is 
shown in Figs. 350, 351. The boring-md A is suspended from the outer end of the working beam 
II, which is made of timber hooped with iron, working upon a middle bearing, and is connected at 
the inner end to the vertical steam cylinder C, of 10 in. ammeter and 39 in. stroke. The stroke of 
the boring-rod is reduced to 22 in., by the inner end of the lienrn being made longer than the outer 
end, serving as a partial counterbalance for the weight of the boring-rod. The steam cylinder is 
shown enlarged in Fig. 352, and is single-acting, being used only to lift the boring-rod at each 
stroke, and the rod is lowered again by releasing the steam from tho top side of the piston ; the 
stroke is limited by timber stops both below and above the end of the working beam B. 

The boring-tool is the part of most importance in the np|mratns, and the one that has involved 
most difficulty in maturing its construction. The points to be aimed at in this are,— simplicity 
of construction and repairs; the greatest force of blow |>ossible for each unit of striking-surfneo ; 
and freedom from liability to get turned aside and choked. 

The tool used in small liorings is a single chisel, as shown in Figs. 353, 354 ; bnt for tho largo 
borings it is found best to diride the tool-face into separate chisels, each of convenient size and weight 
for forging. All the chisels, however, are kept in a straight line, whereby the extent of striking- 
surface is reduced ; and the tool is reuderea less liable to be turned aside by meeting a hard 
portiou of flint on a single point of the striking-edge, which would diminish tho effect of tho 
blow. 

The tool is shown in Figs. 355, 358, 357, 358, 359, 360, 381 ; and is composed of a wrought-iron 
hotly D, connected by a screwed end, E, to the boring-rod, and carrying the chisels, F F, fixed in 
separate sockets and secured by nuts anovo; two or four chisels are used, or soinetimes even a 
greater number, according to the size of tho hole to be bored. This construction allows of any 
broken chisel being easily replaced ; ami also, by changing tho breadth of the two outer chisels, 
the diameter of the hole bored can be regulated exactly as may bo desired. When four chisels aro 
used, tho two centre ones are made a little longer than the others, as shown in Fig. 359, to form a 
leading hole as a guide to the boring-rod. A cross-bar G, of the same width os the tool, guides 
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it in the hole in the direction at right anglea to the tool ; and in the case of the larger and longer 
took a second cross-bar is also added higher up, at right angles to the first and parallel to the 
striking-edge of the tool. 




If the whole length of the boring-rod were allowed to fall suddenly to the bottom of a largo 
bore-hole at each stroke, frequent breakage* would occur; it is therefore found requisite to 
arrange for the tool to be detached from the boring-rod at a fixed point in each stroke, and this 


Digitized by Google 



ARTESIAN WELL. 


1S5 


has led to the general adoption of free- falling tools. There have been several contrivances for 
effecting this object; and M. Dru’a plan of self-acting freo-falling tool, liberated by reaction, is 



shown in aide and front view in Figs. 362, 963. The hook II. attached to the head of the Wing* 
tool D, slides vertically in the box K, which is screwed to the lower extremity of the Wring-rod ; 
and the hook engages with the catch. J, centred in the sides of the box K, whereby the tool is 
lifted as the boritig-rod rises. The tail of the catch, J, bears against an inclined plane, L, at the 
top of the Wx K ; and the two holes carrying the centre-pin, I, of the catch, are made oval in the 
vertical direction, ho as to allow a slight vertical movement of the catch. When the Wing-rod 
reaches the top of the stroke, it is stopped suddenly by the tail end of the beam It, Fig. 351, 
striking upou the wood buffer-block K; and the shoclc thus occasioned causes a slight jump of tho 
catch, J, in the box K ; the tail of the catch is thereby thrown outwards by the incline L, as shown 
in Fig. 864, liberating the hook H, and the tool then falls freely to the bottom of the bore-hole, as 
shown in Fig. 365. When the boring-rod descends again after the tool, the patch, J, again engage* 
with the hook H, enabling the tool to be raised for the next blow, as in Fig. 363. 

Another construction of self-acting free-falling tool, lilwruted by a separate disengaging-rod, is 
shown in side and front view in Figs. 306, 367. This tool consists of four princijml pieces, the 
hook II, the catch J, the paul I, and the disengaging-rod M. The hook H. carrying the boring 
tool D, slides between the two vertical sides of the Wx K, which is screwed to the bottom of tlie 
boring-rod; and the catch, J, works in the same space upon a centre-pin fixed in the box, so that 
the tool is carried by the roil, when booked on the catch, as shown in Fig. 367. At the same 
time the paul I, at the back of the catch, J, secures it from getting unhooked from the tool ; bnt 
this paul is centred in a M-jmmte sliding hoop, N, forming the top of the disengaging-rod M, which 
slides freely up and down within a fixed distance upon the box K; and in its lowest position the 
hoop, X, rests upon the upper of the two guides I* P, Fig. 366, through which the disengaging-rod, 
M, slides outside the box K. In lowering the boring-rod, the disengaging-rod, M, reaches the 
bottom of the bore-hole first, as shown in Figs. 366, 367, aud Wing then stopped it prevents the 
paul, I, from descending any lower; and the inclined back of the catch, J, sliding down past the 
paul, the latter forces the catch out of the hook H, as shown in Fig. 868, thus allowing the tool, D, 
to fall freely and strike its blow. The height of fall of the tool is always the same, being deter- 
mined only by the length of the disengaging-rod M. 

The blow having been struck, and the boring-rod continuing to be lowered to the bottom of the 
hole, the catch, J, falls back into its original position, and engages again with the hook II, as 
shown in Fig. 369, ready for lifting the tool in the next stroke. As the boring-rod rises, tho tail 
of the catcli, J, trips up the paul, I, in passing, as shown in Fig. 370, allowing the catch to pass 
freely; and the paul before it begins to be lifted returns to the original position, shown in Fig. 
367, where it locks the catch J, and prevents any risk of its becoming unhooked either in raising 
or lowering the tool in the well. 

The Wring-tool shown in Figs. 855, 856, which is employed in boring the well of 19 in. 
diameter at the Sugar Refinery, weighs J ton, and is liberated by reaction, by the arrangement 
shown in Figs. 362 to 365; and the same mode of liberation was applied in the first instance to tho 
larger tool, shown in Figs. 858 to 361, employed in sinking the well of 47 in. diameter at Butte- 
atix-C'ailles. The great weight of the latter tool, however, amounting to as much as 8} tons, 
necessitated so violent a shock for the purpose of liberating tho tool by reaction, that the Wring- 
rods ami the rest of the apparatus would have bceu damaged by a continuance of that mode 
of working; and M. Dru was therefore led to design the arrangement of disengaging-rod for 
releasing the tool, as shown in Figs. 366, 367. This mode of liberation is consequently the one 
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now in use at Butto-aux-Caillea. where it haa proved completely successful in practical working. 
In this case the cross-guide, G. fixed upon the tool is made with an eye for the disengaging-rod, M, 
to work through freely, us shown 
in Figs. 358, 3<J0. For borings of 
small diameter, however, the dis- 
engaging-rod cannot supersede the 
reaction system of liberation, as 
the latter alone is able to work in 
borings as small as It} in. diameter ; 
and a bore-hole no larger than 
this diameter has been successfully 
completed by M. I)ru with the 
reaction-tool to a depth of 750 ft. 

The boring-rods employed aro 
of two kinds, wrought iron and 
wood. The wood rods, shown in 
Figs. 351, 371, are used for borings 
of large diameter, as they possess 
the advantage of having a larger 
section for stiffness without in- 
creasing the weight ; and also when 
immersed in water the greater 
portion of their weight is floated. 

The wood for the rods requires to 
be carefully selected, and care has 
to be taken to choose the timber 
from the thick part of the tree, 
and not the toppings. In France, 

Immune, or Vosges, deals are pre- 
ferred. 

<The boring - rods, whether of 
wood or iron, are screwed together 
either by solid sockets, as in Fig. 

37*2, or with separate collars, as in 
Fig. 373. The separate collars 
are preferred for the purpose, on 
account of being easy to forge ; and 
also because, as only one-half of 
the collar works in coupling and 
uncoupling the rads, while the 
other half is fixed, the screw-thread 
becomes worn only at one end. and 
by changing the collar, end for 
end, a new thread is obtained 
when one is worn out, the won) 
end being then jammed fast as the 
fixed end of the collar. 

The boring-rod is guided in the lower part of the hole by a lantern R, Fig. 351, shown to a 
larger scalo in Figs. 371, 374, which consists of four vertical iron bars curved in at both ends, 
where they aro secured by movable sockets upon tho boring-rod, and fixed by a nut at the top. 
By changing the bars, the size of the lantern is readily adjusted to any required diameter of 
bore-hole, as indicated by the dotted lines. In raising up or letting down tne boring-md, two 
lengths of about 30 ft. each are detached or added at once, and a few shorter rads of different 
lengths are used to make up the exact length required. The coupling-screw H, Fig. 351, by which 
tho Wing-rod is connected to the working-beam B, serves to complete the adjustment of length ; 
this is turned by a cross-bar. and then secured by a cross-pin through the screw. 

In ordinary work, breakages of tho boring-md generally take place in the iron, and more 
particularly at the part screwed, as that is the weakest pnrt. In the case of breakage*, the tools 
usually employed for picking up tho broken ends are a conical screwed socket, shown in Fig. 375, 
and a claw, shown in Fig. 376; the socket l>eing made with an ordinary V -thread for cases 
where the breakage occurs in the iron; but having a sharper thread, like a wood screw, when 
used where the breakage is in one of the wood rads. In order to ascertain the shape of the frac- 
tured end left in the bore-hole, and its position relatively to the centre line of the hole, a similar 
conical socket is first lowered, having its under-surface filled up level with wax. so as to take an 
impnwninn of the broken end, and show what size of screwed socket should be employed for 
getting it up. Tools with nip(iers are sometimes used in large borings, as it is not advisable to 
subject the rads to a twist. 

When the boring-tool has detached a sufficient quantity of material, the boring rod and tool aro 
drawn up by means of the rape O, Fig. 350, winding upon the drum Q, which is driven by straps 
and gearing upon tho steam-engine T. A scoop is then lowered into the bore-hole bv the wire- 
mj>e U. from the other drum V, and is afterwards drawn up again from the excavated material. 
A friction-break is applied to the drum Q. for regulating the rate of lowering the boring-rod down 
the well. The scoop, shown in Figs. 377, 378, consists of a riveted iron cylinder, with a handle 
at tho top, which can either he screwed to the Itoring-rod or attached to the wire-rope; and tho 
bottom is closed by a large valve, opening inwards. Two different forms of valve are used, either 
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a pair of flap-valve*, a* shown in Fig. 378, or a single-cone valve, Fig. 379 ; and tho bottom ring 
of tho cylinder, forming the seating of tho valve, is forged solid, and steeled on tho lower edge. 


36fl. 367. 36*. 


369 . 370 . 


371. 373. 



O 


O 




On lowering this cylinder to the bottom of tho bore-hole, tho valve opens, and tho loose material 
enters the cylinder, where it is retained bv the closing of the valve, whilst the scoop is drawn up 
again to the surface. In boring through chalk, as in the ease of the deep wells in the Paris Iwsin, 
Fig. 347, tho hole is first made of about half the tinnl diameter for GO to 90 ft. depth, and it is then 
enlarged to the full diameter by using a larger tool. This is done for convenience of working; for 
if the whole area were acted upon at once, it would involve crushing all the Hints in the chalk ; 
but, by putting a scoop in the advanced hole, tho flints that are detached during the working of 
tho second larger tool are received in the scoop and removed by it, without getting broken by the 
tool. 


377. 379. 376. 






The resistance exiierieneod in boring through different strata is various; and some rocks passed 
through are so hard, that with 12,000 blows a-day of a boring-tool weighing nearly lOewt., with 19 in. 
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bright of fall, the bore-hole was advanced only 3 to 4 in. a-day. Am the opposite case, strata of run- 
ning sand hnvo been met with ao wet, that a slight movement of the rod at the bottom of the hole 
was sufficient to mako the sand rise 30 to 40 ft. in the bore-hole. In these cases M. Dru has adopted 
the Chinese method of effecting a speedy clearance, by means of a scoop closed by a large ball-clack 
at the bottom, as shown in Fig. 377, and suspended by a rope, to wnieh a vertical movement ia 
given ; each time the seoop falls upon the sand a portion of tnis is forced up into the scoop, and 
retained there by the ball-valve. 

An artesian well is alwavs some time in settling down to its permanent working state, generally 
one or two months ; and when the water first reaches the surface it undergoes considerable fluc- 
tuations, being charged from time to time with the substances at the bottom of the bore-hole. In 
the Crenelle well there were fluctuations at starting of 300 ft. in the height of the water. The 
velocity of the flow of water from the artesian wells varies considerably, and the following are some 
examples of the delivery at the surface by those already completed in the Paris basin 



Depth of 
Bor*'- hole. 

Diameter of 
bore-bole. 

1 Gallon* 
delivered 

minute. 

i Velocity 
of dUcharge. 
Feet per 
| second. 

St. Denis. Hotel Dieu .. 

fret 

i 262 

Inchon. 
2 28 

28 

2'68 

Gcnnevilliera 

312 

2*28 i 

31 

2-89 

Stains 

266 

2-95 i 

176 

9-87 

Elbeuf 

492 

2 '95 

66 

3 71 

Paris, Grcnelle 

1795 

3 74 

484 1 

16 63 

„ Passy 1 

1923 

27 56 

1980 | 

1-64 


The localities of those wells arc shown in the plan, Fig. 348 ; and Fig. 347 is a geological 
section passing through the Paris basin. Sections of the strata bored through in the wells at Passy 
ami Grcnelle are shown in Fig. 349; and a section in the boring now in progress at the Sugar 
Refinery is shown in the same Figure. In the case of the artesian well at Grenelle, the water is 
carried up to a height of 128 ft. above the ground by a shind-pipe of 3*74 in. bore, from the top of 
which the water overflows at the rate of 100 gallons a-iuinuto. with a velocity of 3’ 94 ft. a-second. 

Borings of large diameter, for mines or other shnftH. are also sunk by means of the same 
description of boring-tools, only considerably increased in size, extending up to as much as 14 ft. 
diameter. The well is then lined with cast-iron or wrought-iron tubing, for tin* purpose of making 
it water-tight: and a special contrivance, invented by Kind, has been adopted for making a water- 
tight joint between the tubing and the bottom of the well, or with another portion of tubing pre- 
viously lowered down. This is done by a atuffing-l>ox, shown in Fig. 380, which contains a 
packing of mow at A A, The upper portion of the tubing 
is drawn down to the lower portion by the tightening- 
screws B B, so as to compress the moss- packing when tho 
weight is not sufficient for the purpose. A space, C, is 
left between the tubing and the side of the well, to admit 
of the passage of the stuffing-box flange, and also for 
running in concrete for the completion of the operation. 

Tho moss-pocking rests upon the bottom flange D ; but 
this flange is sometimes omitted. The joint is thus simply 
made by pressing out the moss- narking against the sides 
of the well : and this material, t>eing easily compressible 
and not liable to decay under water, is found to make a 
very satisfactory awl durable joint. 

*M. Dru states that the reaction-tool has been success- 
fully employed for borings up to as largo as about 4 ft. 
diameter, as in tho case of the well at Butte-aux-Cailles 
of 47 in. diameter; but beyond that size he considers the 
shock requisite to liberate the larger and heavier tool 
would probably bo so excessive, as to be injurious to tho 
boring-reds and the rest of the attachments ; and he there- 
fore designed the arrangement of the disengaging-rod for liberating the tool in borings of large 
diameter, whereby all shock upon tho boring-rods was avoided and the tool was liberated with 
complete certainty. 

In practico it is necessary to turn the boring-tool partly round between each stroke, so os to 
prevent it from falling every time in tho same position at the bottom of the well ; and this was 
effected in tho well at Butte-aux-Coilles by manual-power at the top of the well, by means of a 
long hand-lever fixed to the boring-rod by a clip bolted on, which was turned round by a couple 
of men through part of a revolution during the time that the tool was being lifted. The turning 
was ordinarily done in the right-hand direction only, so as to avoid the risk of unscrewing any of 
the screwed couplings of the boring-rods ; and care was taken to give the boring-red half a turn 
when the too! was at the bottom, so as to tighten the screw-couplings, which otherwise might 
shake lonsp. In the event of a fracture, however, leaving a considerable length of boring-red in 
the hole, it was sometimes necessary to have the moans of unscrewing the couplings of the portion 
left in the hole, so as to raise it in ports, instead of all at once. In that ease a locking-clip was 
added at each screwed joint above, and secured by bolts, as shown at C in Fig. 873, at tho time of 


380 . 



■igitized by Coogle 


ARTESIAN WELL. 


169 


putting the rod# together for lowering them down the well to recover the broken portion ; end by 
this means the ends of the rods were prevented from becoming unscrewed in the oonpliug-sockcts, 
when the rods were turned round backwards for unscrewing the joints in the broken length at the 
bottom of the bore-hole. 

M. Dru states that in his own experience, owing to the difficulties attending the operation, 
the occurrence of delays from accidents was the rule, while the regular working of the machinery 
was the exception. lie also states that, although the chisel-shaped tools previously described were 
the form principally employed, he considers it would be a mistake to attempt to use any one form 
of tool exclusively for all descriptions of ground. For passing through granite, or any other 
primary rock, a percussive action is indispensable, and the force of the blow is required to be con- 
centrated upon a small extent of cutting-edge, in order to produce any effect by the blow; but in 
softer ground a greater number of cutting-chisels are used in the falling tool. 

As long ago as 1842 ropes have been used in France for boring purposes, but they have not been 
found to answer in boring through clay, because the tool becomes choked and sticks fast, and the 
rope breaks, leaving the tool imbedded at the bottom of the bore-hole: it is then necessary to have 
recourse to rods for raising the taring-tool, and M. Dru therefore preferred to use rods in the first 
instance. In taring through sand, however, ropes have been successfully employed, and by this 
means tarings have been carried down with great rapidity, as much as 60 ft. depth having been 
accomplished in a fortnight through a bed of sand in boring a well in the npper stratum of the 
Paris basin. The section of the Paris basin shows that, owing to the variable strata to bo passed 
through, no one form of boring-tool, such as has been referred to, could be used for all parts of the 
tare-hole, hut different tools were required, according to the particular stratification at the bottom 
of the hole. 

When running sands are met with, the plan adopted is to use the Chinese ball-scoop, Fig. 377, 
described for clearing the bottom of the bore-hole ; and where there is too much sand for it to be 
got rid of in this way, a tube has to be sent down from the surface to shut off the sand. This, of 
course, necessitates diminishing the diameter of the hole in passing through the sand ; but on 
reaching the solid rock below the runniug sand, an expanding tool is used for continuing the bore- 
hole below the tubing with the same diameter as above it, so as to allow the tubing to go down 
with tho hole. 

In the case of meeting with a surface of very hard rock at a considerable inclination to the 
bore-hole, M. Dru employs a tool, the cutters of which are fixed in a circle all round the edge of 
the tool, instead of in a single diameter line; the length of the tool is also considerably increased 
in such cases, as compared with the tools used for ordinary work, so that it is guided for a length 
of as much as 20 ft. He uses this t<*>l in all cases whore from any cause the hole is found to be 
going crooked, and has even succeeded by this means in straightening a hole that had previously 
been bored crooked. 


Tho cutting action of this tool is all round its edge; and therefore in meeting with an inclined 
hard surface, as there is nothing to cut on the lower side, the force of the blow is brought to bear 
on tho upper side alone, until an entrance is effected into 
the hard rock in a true straight line with the upper |>art of 
the hole. rr 

Norton' t patent Tvhc Well . — This well consists of a hollow „ fi 

wrought- iron tube about If in. diameter, eompoeed of any t . I I .. | I if 

number of lengths from 3 to 11 ft., according to the depth ✓Jrrrak I'Jrvl® 

required. The water is admitted into the tube through a Afl |UjA J&ri 

series of holes, which extend up the lowest length to a / U \ 

height of 2} ft. from the bottom. S I \ ' /,? 

The position fora well having been selected, a vertical f | \ 

hole is made in the ground with a crow-bar to a convenient 9 * A. 

depth; the wcll-tuta a, having the clomp </, monkey e, and 9 - ;• 

pulleys \ Fig. 381, previously fixed on it, is inserted into I : ; I . / 

this hole. L 

The clamp is then screwed firmly on to tho tube from eLM '7/$. 

18 in, to 2 ft. from the ground, as the soil is either difficult ^ r -y-A 

or easy; each bolt being tightened equally, so as not to * 
indent the tube. 

The pulleys art* next damped on to tho tube at a height ~ ^ v] *■>/■¥£ 

of about 6 or 7 ft. from the ground, the ropes from the * . . - y 

monkey having been previously rove through them. (o oj 

Tho monkey is raised by two men palling the ropes at 1 ,- VJ 

the same angle. They should stand exactly opposite each 

other, and work together steadily, so as to keep the tube r . _ •£ ' v "- ; 'l 

perfectly vertical, and prevent it from swaying about while 

being driven. If the tuhe shows an inclination to slope ; : : 

towards one side, a rope should be fastened to its top and 1 _ - 

kept taut on tho opposite side, so as gradually to bring the 

tube back to the vertical. When tho men have raised tho .^'y r . jiX r---'- 

monkey to within a few inches of the pulleys, they lift \l 

their hands suddenly, thus slackening the ropes and allow- • r*.'*-— r 

ing the monkey to descend with its fall weight on to the 
clamp. The monkey is steadied by a third man, who also 

assists to force it down at each descent. This man, likewise, from time to time, with a pair of 
gas- tongs, turns the tube round in the ground, which assists the process of driving, particularly 
when the point comes in contact with stones. 
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Particular attention must be paid to the clamp, to see that it does not move on the tube; the 
bolts moat be tightened up at the find appearance of any slipping. 

When the clamp has neen driven down to the ground, the monkey is raised off it, the screws 
of the clamp are slackened, and the clamp is again screwed to the tube, nhout 18 in. or 2 ft. from 
the ground. After this, the monkey is lowered on to it, and tho pulleys are then raised until 
they are again 6 or 7 ft. from the ground. • 

The driving is continued until but 5 or B in. of tho well-tubo remain above tho ground, when 
the clamp, monkey, and pulleys are removed, and an additional length of tube screwed on to that 
in the ground. This is done by first screwing a collar on to the tula? in the ground, and then 
screwing the next length of tube into the collar, till it huts against the lower tube ; a little white- 
lead must be placed on the threads of tho collar before the ends of the tubes are screwed into it. 

The driving can thus la? continued until the well has obtained the desired depth. Soon after 
another length has been added, the upper length should be turned round a little with the gas- 
tongs, to tighten the joints, which have a tendency to become loose from the jarring of the monkey. 
Care must be taken, after getting into a water-bearing stratum, not to drive through it, owing to 
anxiety to get a large supply. From time to time, and always ltefore screwing on an additional 
length of tube, the well should be sounded, by means of a small lead attached to a line, to ascer- 
tain the depth of water, if any, and character of the earth which has penetrated through the holes 
perforated in the lower part of tho well-tube. As soon as it appears that the well has been driven 
deep enough, tho puinp is screwed on to the top and the water drawn up. It usually happens 
that the water is at first thick, and comes in but small quantities ; but after pumping for somo 
little time, as the chamber round the bottom of the well becomes enlarged, the quantity increases 
and the water becomes clearer. 

When sinking in gravel or clay, the bottom of tho well-tube is liable to become filled up by 
the materinl penetrating through the holes ; and before a supply of water can bo obtained, this 
accumulation must be removed by means of the cleaning-piix*. 

The cleaning-pipes are of small diameter, J-in. externally, and the several lengths are con- 
nected togethor in the some way as tho well-tubes, by collars screwing on over tho adjoining end 
of two pipes. 

To clear the well, one cloaning-pipe after another is lowered into the well, until tho lower end 
touches the accumulation ; the pipes must be held carefully, for if one were to drop into the well 
it would be impossible to get it out without drawing tho well. A pump is then attached to tho 
upper cleaning-pipe by means of a reducing-socket ; the lower end of the cleaning-pipe is then 
raised and held about an inch above the accumulation by means of the gas-tongs : water is next 
poured down the well outside the cleaning-pipe, and, being pumped up through the cleaning- 
pipe, brings up with it the upper portion of the accumulation ; the clean ing-pi|»e is gradually 
lowered, and the pumping continued until the whole of the stuff inside the well-tube is removed. 
The pump is then removed from the cleaning-pipe, and the cleaning-pipes are withdrawn pieco 
by piece; and finally the pump is screwed ou to, the upper end of the tube-well, Fig. 882, which 
is tnen in working order. 

The tube being very small, is in itself capable of containing only a very small supply of water, 
which would be exhausted by a few strokes of the pump; the condition, therefore, upon winch 
alone these tube-wells can l*» effective, is that thero shall In? a free flow of water from the outside 
through tho apertures into the lower end of the tube. When the stratum in which the water is 
found is very porous, as in the case of gravel and some sorts of chalk, tin? water flows freely ; and a 
yield has been obtained in such situations as great and rapid as the pump has been able to lift, 
that is 000 gallons an hour. In some other soils, such as aandv loam, the yield in itself may not 
be sufficiently rapid to supply the pump ; in such cases, the effect of constant pumping is to draw 
up with the water from the bottom a good deal of clay and sand, and so gradually to form a reser- 
voir, as it were, around the foot of the tube, in which water accumulates when the pump is not in 
action, aa is the case in a common well. In dense clays, however, of a close and very tenacious 
character, the American tube-well is not applicable, ns the small perforations become sealed, and 
water will not enter the tube. When the stratum reached by driving is a quicksand, the quantity 
of sand drawn up from the water will be so great, that a considerable nmonnt will have to bo 
puin|>ed before the water will come up clear ; and even in some positions, when the quicksand is 
of great extent, the effect of the pumping may bo to injure the foundations of adjoining buildiugs 
on the surface of the ground. 

The tulw-well cannot itself bo driven tlirough rock, although it might be used for drawing 
water from a subjacent stratum through a hole )x>rcd in tho rock to receive it. 

Subject to these conditions, these? tube-wells afford a ready and economical means for drawing 
water to tho surface from a depth not exceeding 27 or 28 ft. 

WorAs and Papers on Artesian Wells: — Gamier, F., * Trnite stir los Puits Artesiona/ 4to, Paris, 
1826. Hdrieourt do Thnry, ‘ Considerations Geologiques et Physiques sur la cause du Jaillisaomeut 
des Eeux des Puits Forn, 8vo, Paris, 1829. Degoussee et Saurent, ‘Guide du Kondeur.' 8 vols., 
Paris, 1861. G. R. Burnell, ‘On Artesian Wells,’ Transactions Inst. C. E., 8vo, 1864. B. Latham, 
4 Papers on Water Supply,’ Part I., 8vo, 1866. Van Ertbom, ‘ Memoiro sur lea Puits Artcsiens,' 
8vo. Anvers, 1866. Dm, * On the Machinery for Boring Artesian Wells,’ Proceedings List M. K., 
1867. 

ARTIFICIAL STONE. Fr., Pierre artificielle ; Ger., Kiinstlicher Stein ; Itai*, Pictm 
artin zuile ; Span., Piedra artificial. 

See Stone. 

ARTILLERY. Fr., Artillerie ; Ger., Artillerie ; Ital., ArUglieria ; Span., ArtiUeria. 

The term artillery is applied to all descriptions of ordnance, whether light or heavy, and every- 
thing required for their service. 

A chief point in the science of gunnery, and one which limits its future, is the construction of 
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guns of sufficient strength to curb and govern the utmost force of any explosive compound which 
uiav be used in them. 

No modern theory of constructing guns can bo called new, since guns are in existence 
that have been either recovered from wrecks, or preserved in other ways, showing every variety of 
coils, hoop*, canting, wire-binding, and soon, as far as the appliances then in use could furnish 
the quondam inventors with means of earning their inventions into effect. That in which novelty 
has been attained, is the improvement of processes by which large castings or forgings, accurate 
turning and boring, can Is? secured, or by which chemical knowledge can bo brought to bear on 
the manipulation of metals ; but no such progress can make a built-up gun, or machine of any 
sort, stronger than a perfectly homogeneous one, in which the varying strains are closely cal- 
culated, ami properly met by the scientific disjtositinn of the necesMiry strength. Tims, while 
we admire the ingenuity of the methods by which guns have been built up, we cannot think that 
such processes will now, more than in former times, continue to be preferred to well cast guns 
of g«xxl material. 

Guns an* burst by two forces — the rending action of the powder gas, and the unequal heating 
of a nearly homogeneous metal ; but it is not, as sup]*Med by some authors, by interior cracks 
caused by contraction, since metals do not eoutraet but expand by heat ; and guns are often burst 
without such rapidity of firing as would iuduce sufficient heat to be felt on tlm outside, scarcely 
even on the inside of the gun. If cracks on the interior, and all observers are agreed on tills 
point, are the first indications of the bursting of a gun— if this be accompanied by a sensible dila- 
tation of the bore, it is clear that, as the outside of the gun has not increased, though the inside 
has cracked, some of the metal has been compressed into a smaller space than it previously occu- 
pied, and this compression Wing greatest on the iuxide, a» shown by the greater w idth of crack, 
ought to be resisted by a metal at that point harder, that is, having greater strength to resist im- 
port, than at any other portion of the guu. In cannon cast solid in sand and afterwards bored 
out, the reverse is the cose. Increased thickness of metal, as trunnions or other projections, will 
determine in many cases the line of fracture. A muzzle swell is beneficial, as tending to pre- 
vent vibration, which is begun at the point where the projectile leaves the gun, and the true con- 
cussivc explosion takes place. The oaseable, also, is not arbitrary, nor alone necessary for sup- 
porting a breeching ; but, like the trunnions, reinforces the gun, though, unlike them, it does «o 
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usefully, in consequence of Wing in the prolongation of the axis of the piece. We give two 
practical illustrations of the bursting of guns, Figs. 383, 385; and one of that of mortars, Fig. 381, 
Fig. 388 shows the comparative intensity of strains in a gun when the trunnions are under the 
plane, or when there is no caacable. 
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Now let us examine the parts in which the lines of least resistance are to be found. In the 
pin, a radial strain, Fig. 387, is exerted on all parts of the bore equally, except to the rear, where 
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it i a no longer radial bnt direct ; no longer resisted by wedges, as hereafter shown, but by a 
cylinder of iron which terminates in the cnscable. At the trunnions, too, which are not often 
placed iu modern guns in the horizontal piano of the axis, but below it, there will bo another 
line of least resistance whero the trunnions are not, the necessary consequence of a line of greatest 
resistance where they are. 

Still more is this seen in the mortar. Fig. 384, which has an enormously greater lateral resist- 
ance at the trunnions than at the muzzle. This would feel the want of a caacable also, were it 
not that the powder-chamber is conical, and smaller than the bore ; but as it is, it splits open as if 
wedges hail boon driven into the muzxlo — the guns as if wedges had been driven into the breech. 

J. A. Jxmgridgo, in a jmpor “ On the Construction of Artillery,” read before the Institution of 
Civil Engineers, came to the conclusion that the required object could Is* attained by constructing a 
gun in such an initial state of equilibrium, that when the varying strain, caused by internal pres- 
sure, should come upon it, the initial strain should be equivalent to the induced strain, and the sum 
of the two strains constant throughout. With the view of proving the truth of these conclusions, 
J. A. Longridge caused a series of experiments to be made, the first of which was to ascertain the 
ultimate force of gunpowder. A number of cast-iron cylinders 1 in. diameter and 0*1 in. thick 
wore prepared. They were bored and turned accurately, and purposely made of very hard, brittlo 
iron, so as of themselves to give the minimum of strength. These cylinders were "then wrapped 
round with iron wire, the tensile strength of which lmd been previously ascertained. The number 
of coils varied with the degree of strength required, and each coil was laid on with the initial 
strain, which the experimenter's calculations lea him to believe would, at the moment of bursting, 
cause all the coils to give way together. The cylinders were filled with Government cannon- 
powder, and the ends secured, leaving no vent but a touch-hole the size of a small pin, through 
which the powder was exploded. Several of these burst ; but it was found tbat a cylinder with 
ten coils of wire upon it could not be burst. The diametral section of the cast iron was 0*2 in. ; 
and taking its strength at 8 tons the square inch, the result is 

Ton*. 

•^tlis of an inch x 8 tons per square inch .. .. = 1*6 

There were ten coils of wire, each wire by experiment broke with 
GO lbs., and was ^,th inch in diameter; therefore the tensile 
strength of tho two sides = 2 x 28 x GO X 10 -t- 2210 .. .. = 15-0 

Total strength 16 '6 

The internal diameter of the cylinder was 1 inch, consequently the ultimate strength of the 
powder did not exceed 17 tons a square inch. This must not, however, he held as the maximum 
effect that may be produced. Tho explosion of powder is more of an impact than a pressure ; anti 
although, strictly speaking, impact is only a pressure of short duration, the length of this duration 
is generally admitted to have great influence uj*>n the effect produced. It has ln>en stated that 
a bar to resist, with safety, the sudden application of a given pull, requires to have twice tho 
strength tbat is necessary to resist the gradual application and steady action of the same pull. 
From this follow's that, the more rapid the explosion, the greater the strain upon the gun. Not 
that the ultimate pressure is greater ; but that, being produced in less time, its effect is greater. 

The cause of weakness in a cast-iron gun is, in the first place, that the actual strength of tho 
interior of a large gun, or mortar, is far below that of the average of ordinary castings, and always 
must be ho whilst guus are cast solid. 8o long as this is the case, the outside must cool and 
solidify first; whilst the interior, cooling more slowly, must be drawn and rendered less dense, 
and consequently less resisting. This cannot be obviated by any care in selecting material. 

The worst j»art of this iron, in the chase of the gun, is afterwards bored out; but still the 
metal around the internal circumference is weakened below the average; and at the bottom of 
the powder-chamlier it is in the worst possible condition. This is fully accounted for by the law 
of cooling. Whenever a variation in thickness occurs, a difference in the rate of cooling must 
also take place ; this alone gives rise to a state of varitd stress amongst the particles of the metal, 
diminishing tho effect of the metal as a resisting substance. In ordinary castings this is well 
understood; but the same law operates in guns, though in a smaller degree; take, for instance, 
tho accompanying sketch of a gun. Fig. 388, distorted in its 
proportions, for the sake of illustration, and suppose it to 
Lave cooled down after casting. Although, in the present 
stato of our knowledge of the subject, it would be impossible 
to determine the absolute position of the isothermal lines at 
any period of cording, yet it is certain they must approximate 
to the dotted lines shown in Fig. 388; and following these 
lines according to some definite law, would be the lines of 
equal stress of the particles of the gun, when cold. When, 
therefore, the gun is bored out, it is evident that the inner 
circumference of the bore must be in a state of varying strain, 
and that strain is one of tension. Consequently, the internal 
•art of the gun is, throughout, in an initial state of more or 
ess tension ; and, as regards its power to resist a tensile strain, 
it is inferior to the normal, or average strength of the material. 

But beyond this, whenever a change of dimensions occurs, the 
cooling will give rise to varying strains, which may' account for 
fracture taking place at those |mrtif ular parts. To obviate this, wrought iron and steel have been 
tried, and in point of workmanship great results have been or rived at ; but the same objections apply 
ns to guns of cast iron ; the inner part of the gun must be in a state of initial tension. The expense 
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find difficulty of manufacture are also very threat. As a specimen of steel manufacture, the gun 
forged by Krilpp, and afterwards bored and mounted in a cast-iron jacket at Woolwich, may l>e 
instanced. It was bored out hi 8 in., and was from 4 to 4*5 in. thick. Taking the tensile force of 
hammered cast steel at 40 tons to the square inch, the resistance would be from 320 to 300 bins, 
which, if the strain had been uniform throughout, would have been equal to between 40 and 
45 tons to the square inch on the diameter; yet tho gun burst at the first discharge, with 25lba. 
of powder and a 200 lb. shot. Mallet meutions a wr« night-iron 8-in. gun, forged at the Gospel 
Oak Iron-works, and proved at Woolwich in 1855, which hurst into several pieces at the first 
discharge. Tho thickness at the brooch end of this gun, which was statist to be of nearly the 
same dimensions ns the established cast-iron guns of the same calibre, was nlxiut 9 in. ; and, 
taking the tensile force at 20 tone to the square inch, tho material, provided it had l>eet» uniformly 
strained, ought to have resisted a diametral strain of 300 tons, or about 45 tons to the square inch. 
This gun, which appeared in every respect round to the eye and of perfect material, burst with a 
proof-charge of 28 lbs. of powder and two spherical 8 in. shot. The conclusion has been arrived 
at, that the manufacture of large forged wrought-iron guns is nu operation of great difficulty, 
expense, and uncertainty; ami however tho difficulty and ex|w*nso may be decreased, tho 
uncertainty must still remain ; at the best, it is but substituting for cast iron a material of higher 
tensile strength : the radical defect of a homogeneous mass still remaining, namely, the unequal 
distribution of the strain from the inner to the outer circumference. The some remarks apply 
with still greater force to guns of hammered east steel, of large dimensions. The principle, which 
appears to be the basis of a round and reliable construction, is that of manufacturing the gun of 
successive layers, laid on with an original increasing strain, from the centre to tho circumference. 

There is an objection to the use of hoops, from the want of con- 
tinuity. The special requirement is, that each Inver of the gun shall 
be in a definite initial state of tension or compression previous to 
explosion. 

If, in Fig. 389, A B C D represents a portion of a section of an 
8-in. gun, of which AGB is the inner and DFC the outer circum- 
ference, the state of tension of any {Article between G and F may ho 
denoted by ordinates drawn at the points in question, those above 
G F representing tension, and those below, compression. If, now, the 
gun is of any homogeneous material, such as cast iron, the state of 
tension at the time of explosion, and when tho gun is about to burst, 
will be denoted by a curve HI, or Hi. Then, supposing the tensile 
force of the material to be 12 tons to tho square inch, and tho thickness 
of tho gun 6*5 in., when the strain at G is G II, or 12 tons, at F it is 
FI = 3 tons, or Ft = 1*75 ton, according as the one or tho other 
formula is adopted. The areas of these curves give, of course, the total 
strengths of tho gun at tho bursting point, and are found to he 36*72 
tons and 30 '871 tons respectively, instead of 78 tons, which it would 
have been if uniformly strained at 12 tons to tho square inch. Now 
the object sought to be attained in the method of construction under 
consideration is, that each {Article, such as K, shall, when explosion 
takes place, l>o equally strained with G. In order that this may be so, 
the initial state of tho tension must lx? such as represented bv tho curve L N M, those between 
G and N being in compression, while those particles between N f and M are in tension. 

If, now, it is attempted to accomplish this by means of hoops, it will bo found impossible, 
inasmuch as each hoop is a homogeneous cylinder, and follows the same law throughout its thick- 
ness, as is represented by the curve H I. Figs. 390, 891, ami 392, represent tho successive states of 
stress of rings, put on so as that when explosion takes place they shall be all equally Strained 
at their inner circumference#. Fig. 390 shows two rings ; Fig. 391 shows three rings; Fig. 392 
shows four rings. The numbers denote the strains in tons per square inch. From this it will bo 
seen that when the four rings arc put on, instead of tho curve L N M of Fig. 389, there ore a series 
of abrupt changes, the two inner rings being in compression, and the two outer in tension. When 
the explosion takes place, the state of maximum strain is represented by Fig. 393. 

The area between the dotted and full lines shows the work done by the explosion, and, taking 
tho total thickness of the gun, it amounts to 10- 1 tons to the inch of thickness; whereas, had tho 
construction boon of very thin rings or of small wire, it would have been represented by the area 
between the dotted line L N M O H, Fig. 389, and would have been = 12 tons to the inch of 
thickness, showing a superiority of about 20 per cent, in favour of the wire over the hoops. This 
is upon the supposition thnt the workmanship of the hoops is perfect, which is not the case in 
practice. To a fiord some idea of the accuracy required, the radii of the several rings, shown in 
Fig. 393, are given in the following Table: — 


No. of 
. King. 

1 ! 

Inner Radius. 

Outer Rodin*. 

Thickness, j 

Difference, 

1 

4-0000 1 

5*3222 

1-3222 

R,— ft = *0031 

2 

5*3191 

7*2928 

1*9737 

K, -f>,= *0035 

i 3 

7-2KH.H 

9 4033 

2*1740 

K, — p t = *0035 

4 

9*4598 

11*8247 

2*3649 ' 



Thus it appears, that in order to give the requisite amount of initial stress, the external radius 
of the first ring must be ,in inch, or about of an inch larger thatf the internal radius 

m 2 
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of the second; the external radii of the second and third X uo u a °t ftn ,nc ^* greater than the 
interim! radii of the rings next to them. Therefore, whilst the whole effect depends upon so small 
n quantity as al*>ut ^ of an inch, it is evident that a very small error in workmanship will 
materially atlect the result, and tend to deviations from the proper initial strains. 



Fig 3JH represents the states of stress of the rings before explosion and at the instant of 
maximum strain, when the rings are accurately put on. 

Fig. 395 represents the states of stress of the Bame gun when the outer ring has been made 
■pfoj of an inch too small. 



The result is. that before explosion the maximum compression of the inner ring is increased 
from 10*08<> tons to 1T244 tons, and the maximum tension of the outer ring from 5*778 tons to 
7*823 tons to the square inch ; whilst at the time of maximum strain during explosion the tension 
of the same ring is only 2*268 Urns, although the outer ring is Htrniued to 12 tons, its assumed 
ultimate strength. The absolute strength of the gun is thus reduced from an average of 10*5 tons 
to 6 tons ppr inch thickness, or almut 40 per cent., by an error of only ^71 of an inch in a ring 
about 17 inches in diameter. Kings, therefore, present practical difficulties which are entirely 
avoided bv the use of wire, a« it may be coiled on with the exact strain indicated by theory. The 
method adopted by J. A. Longridge wns to coil a quantity of wire on a drum, fixed with its axis 
parallel to that of a lathe on which the gun was placed. On the axis of this drum there was 
another drum, to which was applied a break, similar in principle to Prony’s dynamometric break, 
so adjusted as to give the exact tension required for each successive coil of the wire. The whole 
apparatus was extremely simple, and the wire laid on with great regularity. It is evident the 
apparatus might l*< so arranged that the process would pn»ce«*d with the same ease and regularity 
as winding a thread on to a bobbin, and at the same time with the greatest accuracy as regards 
the initial tension. No such facility attends the use of hoops. They must lie accurately bored ; 
and after each layer is put on, the gun must be placed in the lathe, and the hoops turned on the 
outside, (treat accuracy is indispensable; ami not only is the amount of laltour much greater, 
hut it must Is* of a far higher and consequently of a more expensive class. Then, as to the 
accuracy of tension with hoops, its atttaimneut is almost impracticable, while* the process of 
shrinking on is not to bt* deluded upon. Not only is there a difficulty in insuring the exact 
temperature required, but scarcely any two pieces of iron will shrink identically; and when the 
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part of an inch of contraction would givo rise to a great variation in tension, the necessity of 
perfect accuracy is apparent. It hun been proposed to force the hoops in longitudinal flections by 
hydrostatic pressure into a gun slightly conical. Captain Blakely, in a lecture given by him at 
the United Service Institution, in 1859, gave an account of his experiments. His first gun was an 
18-pounder, Fig 306, consisting of one series of wrought-iron rings shrunk on a cast-iron cylinder, 


396 . 



5*5 in. in diameter inside, and If in. thick. The wrought-iron rings were from 2 in. thick 
downwards; the total thickness of the breech was 8f in., that of the ordinary 18-pounder service- 
gun being 5| in. This gun was fired frequently, and stood well. It wus then Wed out as a 
24-pounder; but not being truly bored, the oust iron wus reduced OD one side to only 4 in. thick. 
In this state it sustained without in- 
jury several hours’ firing, with charges 
varying from one shot and 4 lbs. of 
powder, to one shot, two wads, and 
8 lbs. of powder. At the third round 
with this latter charge it burst. This 
gun had a thickness of only 2*5 in. 
round the charges, ns compared with 
a service 24-pounder Gin. in thickness. 

Oapt. Blakely next got a 9-pounder, 

Fig. 397, turned down from the trunnions to the breech, and on this part he put wrought-iron rings 
of such a size as to replace the metal removed. This guu was fired, round for round, with a cast- 
iron service-gun of the tame size and weight. The following Table gives the result: — 



No. of Shot 

Ouuxe of 

No. of 

No. of Round* flml. 

No. of Shot 
Fired 

from Service-Gun. 

llluktly. 

Puw<W. 

Shot. 

Blakely V. 

Service. 

4 

lbs. 

8 

2 

2 

2 

4 

86 

3 

1 

8G 

86 

8G 

2G 

4 

1 

26 

2G 

2G 

s 

5 

1 

5 

5 

5 

10 

5 

2 

5 

5 

10 

G3G 

G 

2 

318 

no 

Burst 220 

3 

G 

3 

1 



4 

G 

4 




5 

G 

5 




ti 

G 

G 




7 

G 

7 




8 


8 




0 

G 

9 




1580 

G 

10 

158 



2389 

" 

" 

BU7 


351 


Thus it appears that Captain Blakely’s gun stood G07 rounds, and the Government service-gun 
only 234 rounds; the numlicr of shot thrown being 2389 and 351 respectively, or nearly as 7 to 1. 
Proceeding with Longridge's experiments, the first point to be settled is the amount of initial 

strain to be put on each coil. The formula adopted by Longridgo was t = T . — — • 


According to Professor Hart’s investigation, the formula is t = T . R 


* 3-1 


x (r + y) 


, which, in the 


coso of small wiro is nearly t — . 

x x -f- r 

These, however, arc general formula* which require modification, according to the varying 
circumstances of each cose, before they can be applied to practice. 

Experiments on cylinders prepared according to the first formula were conducted as follows. 
A number of brass cylinders were prepured of exactly the same dimensions, namely : — 


Internal diameter 1 in. 

External „ 1 in. 

Thickness of brass V* in. 
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These cylinders were accurately turned and bored, and had a flange \ in. in depth and \ in. in 
thickness, at each end. Eiicli end was widened out, ho as to afford seating to two gun-metal balls, 
which were accurately ground to fit them. The total 
content of each cylinder, w ith the trails in their places, 
was 300 grains of the beat sporting-powder. When 
the powder was put into the cylinder, and the balls 
wen; placed at each end, the whole was Imund together 
by a very strong wrought-iron strap, similar to the strap 
of a connecting-rod, with a jib and cotter. The cotter 
was driven tightly home, and the powder was then fired 
through a small touch -holo left in the side-seating, 

Fig. 398. 

The first experiments were to ascertain the effect of 
the powder on the cylinders, without any wire. They 
w'ere commenced with charges of powder, beginning at 50 grains, and increasing until the cylinder 
burst. 

The results were as follows : — 



No. of 

Exprri- 

metiL 

Nn. of 
Cylin- 
der. 

Condition. 

Charge 

of 

|Wd.r. 

EJTrct. 

1 

, 

Without wire 

grain*. 

50 

Slightlv bulged. 

2 




00 

Bulged a little more. 

3 



70 

„ „ external diam. 1 A. 

4 




80 

i.V 

5 




90 

Buret. 

G 

2 

Two coils of wire, V. in 

!H) 

No effect. 

7 


„ one end loose 

100 

Bulged at loose end. 

8 

3 

Without wire 

70 

Bulged to llj. 

9 

4 

Six coils of Vy wire 

100 

No effect. 

10 


„ „ 

no 


11 



120 

„ one end of wire came loose. 

12 

„ 

/Same cylinder, with one coil ofl 
1 ^ wire / 

100 

f Buret, the end of the w ire beiug badly 
\ fastemd ; wire uninjured. 

13 

5 

Two coils of wire 

100 

No eflect. 

14 



120 


15 



130 


16 

6 

Four coils of ^ wire 

120 


17 


130 

„ 

18 


„ ., 

HO 

„ 

19 




150 

„ 

20 



160 

„ 

21 

„ 



170 


22 

„ 

„ „ .. 

180 

„ 

23 

w 

•’ ” 

200 



The strength of tho wire used in these experiments was ascertained, by trial, to be as resisting 
a dead tension : — 

V* .. 23 lira. = 120.000 lbs. tho sq. in. 

5 ^ .. 70 lbs. = 92,000 lbs. the sq. in. 

If now the expansive force of the powder is taken to lx? inversely as the volume, its ultima to 
strength may la* approximately arrived at from the Inst ex]>eriinent. The powder then could not 
burst the cylinder. Now the strength of the cylinder, supposing all the material to bo equally 
strained, could not exceed the following to the lineal inch of cylinder : — 


Wire 17,920 lbs. 

Brass 3,136 „ 


21,056 lbs., or 9 4 tons. 


As the internal diameter was exactly 1 in., it shows that the ultimate force of the material in 
Experiment 23 did not exceed 9 ‘4 tons the sq. in. Assuming the law as above, the ultimate 

300 

pressure, supposing tho cylinder to have been full, could not exceed 9" 4 x or 13 tons 
tho sq. in. 

The enormous Btrnin to which these cylinders were subjected is evinced by the effects npon 
the gun-metal balls, which were more or lew cut away by tho gases where they touched tho 
cylinders. 

A subsequent experiment was conducted in the following manner: — 

A brass cylinder, Fig. 399, was constructed of nearly the some internal dimensions as a 3-pouml 
mountain-gun, about 3 in. diameter and 36 in. long. The thickness of the brass was J in. : at 
the breech end it was covered with six coils of steel wire, square in section, and of No. 1C wire- 
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gaugo = -X of an inch. Those coils extended about 15 in. along the cylinder, and were reduced 
towards the muzzle to two ooila. Consequently, the thickness of the cylinder was, 

At the breech |-in. brass + $-in. iron = f in. 

„ muzzle j-in. brass + $-in. iron = | in. 

The thickness of the 3-pounder gun, with which it may be compared, being, 


At the breech 2 '37 in. 

„ muzzle 0‘75 in. 


This cylinder was not mounted as a gun ; it had no trunnions ; it was dented with wood ; and 
the object of a deep steel ring, which was screwed on the muzzle, was simply to cover tho ends of 
the cloating. This clcating hail nothing to do with tho principle involved, and was only used to 
screen the construction from general observation. 



This cylinder was proved with repeated charge*, varying from A lb. of powder and one round 
shot, to 1} lb. of powder and two shots. The cylinder was simply laid on the ground, with a slight 
elevation, its breech abutting against a massive atone wall, so as to prevent recoil. It stood tho 
proof without injury. Another trial was made with this gun, before the Committoo of Ordnance, 
in the following manner : — 

The gun was clamped on a block of oak with iron clamps, <uid allowed to recoil on n wooden 
platform. Two rounds were fired ; first with a charge of 1 lb. of powder, one shot, fixed to wood 
bottom, ami one wood over the shot : the recoil was 7 ft. : the gun was found to have slightly 
shifted its position on tho block ; a trifling expansion of the wire had also taken place at the breech. 
At the second round the gun was find with 2 llm. of powder, one shot, and one wad, and burst ; tho 
separation took place about 2 in. in front of the base-ring ; the breech was completely separated 
from tho rest of the gun, and was blown 90 yds. directly to the rear. The wire was unravelled 
to the length of 3 or 4 ft., and the brnss cylinder burst in a peculiar manner, turning its ends 
upwards and outwurds. It also o|>cned slightly at tho centre of the gun ; but the wire did not 
give wav at that point. The ordinary proof-charge for a gun of this diameter would bo 1^-lb. 
shot and one wad. 

In order to try more particularly the effect of the wire in giving strength to tho cylinder, this 
gnn was, after bursting, sawn in two at the centre, and one end of each portion was plugged with 
a brass plug, which was secured in its place by iron bonds and several coils of wire : these guns 
were then secured to slides of wood, as in the former instance; they were placed opposite tho 
proof-butt, and that made from the breech cud was loaded with i lb. powder, and shot. It burst; 
the breech being blown out, and the wire uncoiling to a considerable extent. 

The muzzle fiortion was then loaded with a similar charge. It did not burst ; but was much 
shaken by the discharge, and portions of the iron bands gave way. It was then loaded with 1 lb. 
of powder and one shot, which, on discharge, burst in two places, the breech being completely 
separated from the gun, and the slide on which it had been fired was rent into several pieces. 

The bursting of this cylinder was not duo to its construction, but to the manner in which it was 
mounted, shown in Figs. 400, 401. 



Experiments were afterwards mado with a piece of tho broken cylinder about 2 ft. in length, 
stripped of all the wire, with the exception of two coils. It was then a brass tube 2 ft. long and 
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$ in. thick, with two coils of square steel wire, each -fa in. thick, making; together $ in. brans ami 
in. wire. In the middle of this was placed 1$ lb. of Government cannon-powder, and the ends 
were filled with cloaelv-fitting worn! plugs, fixed tightly with iron wedges. A trench 3 ft. deep 
was then dug in stift' clay, and the cylinder laid at the bottom. At each end a railway sleeper was 
driven firmly into the clay ; the trench wua then filled in, and the clay well poundtd with a heavy 
beater. The powder was then fired by means of a patent fuse. The whole of this arrangement is 
shown in Fig. 40*2. The wooden plugs and sleepers were thrown out with great violence, and a 
large mass of clay blown out at each end, but the cylinder remained uninjured. 


402 . 



403 . 



It was, after this, charged with ‘2 lbs. of powder, the ends filled with closely-fitting iron plugs, 
and the whole bound together. Fig. 403, by an iron strap of a sectional area of 5 nq. in. The 
powder was then ignited, and the iron strap toru asunder, but the cylinder remained intact, except 
at the ends, where, from the wire being imperfectly fastened, it uncoiled, and the cylinder was 
torn open. Taking the tensile force of the iron strap at 18 tons the square inch, the force of the 
|M>wder must have been above 13 ton* the square inch ; yet this was resisted by | in. of brass ami 
i in. of steel w ire. 

The diametral strain must have been 39 tons; and, taking the brass at 10 tons the square iurh, 
it leaves 34 tons for the steel wire, which, divided over 
ultimate resisting strength of the wire not less than 
136 tons the square inch of section. The wire used was 
of the finest quality. 

Further experiments were now instituted; firstly, to 
try the effect of wire in enabling hard cast iron to re- 
sist a bursting strain; secondly, with a view of ascer- 
taining whether it was possible to transmit the force of 
the powder through a thin breech of cast iron to a 
yielding substance placed between that breech and the 
carriage of the gun. 

Two sets of cylinders wore prepared; the first set 
arranged ns shown in Fig. 404, where A is thenowder- 
chamber; 11 11, cast-iron [dugs; C, the space between 
the bottom of the powder and the plug II, filled up 
with a soft material ; 1), a wrought-iron strap, w ith jib 
and cotter for keying up the plugs H B. The object 
was to ascertain whether the diaphragm at E E would 
Six cylinders were thus prepared, and charged with from 50 to 250 grains of Government cannon- 
powder, the total contents of the cylinder being 310 grains. 

The following were the results : — 


the two sides, or \ in., would give fur the 


404 . 



No. of 
Cylinder. 

Wire. 

Charge. 

Results. 

Material behind the Diaphragm. 

0 

Two coils 

grnlns. 

50 

No effect 

I-end. 

„ 

»» »» •• 

50 

„ 


n 

„ „ 

100 

„ 


„ 

„ „ 

120 

„ .. .. 




150 



1 

Four coils 

150 

No effect 

” 

„ 

6ix coils 

180 

Top flntigc burst . . 


3 

ISO 

No effect 


„ 

n »» •• 

200 


»» 

„ 


220 


„ 


Eight coils . . 

240 

Flange burst .. 


ti 

240 

„ ... 


8 

„ „ 

200 

No effect 

GuttA-perrhn. 

,, 

Ten coils 

220 

Burst 

Gutta-percha softened by heat. 

0 

240 

No effect 

Lead. 

" 



250 

Flange burst. 



Iron wire, No. 21 gauge, ^ in. diameter, was used; its breaking-strain was 60 lbs. 

In no case was the bottom of the cylinder injured, except in the second experiment with 
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cylinder No. 8, when the gutta-percha was softened by the heat of the first explosion. The lead 
transmitted the force perfectly in every case ; showing that there is no prac- 
tical difficulty in transmitting the force through even so thin u diaphragm 
ns of an inch, even when of m brittle a material as cast iron. 

The second set of cylinders. Fig. 405, each contained 5105 grains when 
full to the plug. The plugs fitted accurately, and the powder was tired 
through a small touch-hole, the size of a pin, with the following results:— 



No. of 
Cylinder. 

Wire. 

Cturfr. 

Eaaia 

Ib-nisrlu. 



grains. 



0 

None 

40 

No effect. 





50 

„ 





60 



„ 


70 

„ 


* 


HO 

Burst. 


2 

Four coils 

130 

No effect. 


.. 

Eight coils . . 

150 

Flange burst. 


7 

200 

No effect .. 

A wrought-iron flange 

„ 

M ft 

220 


\ iu. deep, contracted 


„ 

240 


on flange. 


,, 

250 



.. 



260 

„ 


„ 


270 

„ 




•280 

„ 


« 


290 

„ 

Hoop on flange shifted. 

5 


200 




220 





230 




Four coils 

240 


Flange cracked. 

4 

200 

No effect. 

» 


250 


Flange cracked. 

10 

Ten coils 

310 

No effect. 


In these experiments the same wire as in the lust was used. Its breaking strain was COlbs. 
consequently, the actual strength of the material in the cylinder to the lineal inch was : — 

No. 0. 

Cast iron 0-10 x 2 x tons .. 
Nil. 

.. = 

Tons. 

1-76 

Tons. 

1-70 




1*76 

600 


» *• 

60 

Wire 4 x 28 x 2 x .. 

.. = 

7'7G 





1*76 


7 

Wire 8 x 28 x 2 x ^ .. 

.. = 

12' 10 

13-76 

„ 6. 

Same ns No. 7 

.. = 


13*76 

„ 4. 

>» » ^ 

.. = 


7'76 


Cast iron 

.. = 

1-76 


10. . 

Wire 10 x 28 x 2 x .. 

.. = 

15-00 

16 70 


The enormous force of the expansive gases in these experiments was shown by their action on 
tho plugs, which, although accurately fitted and of hard iron, were chiselled and grooved out in an 
extraordinary manner; the rents, too, were rapidly enlarged. The results obtained as regards 
strength were so conclusive, that Longridge proceeded to construct a small gun, represented in 
Fig. 406. This gun was 2 ‘90 in. in l>ore, and 36 in. long in the deer; it hud on it twelve coils 
of No. 10 W. (4. iron wire at the breech, decreasing to four coils at the muzzle. The thickness of 
cast iron was U in. at the breech and $ in. at the muzzle. The gun whs cast hollow, and a recess 
left iu the thick pert of the breech, in which an india-rubber washer, } in. thick, was placed. 
The trunnions formed no part of the gun, but consisted of a strap passing round the breech, with 
two side-rods extending about one-third the length of tho gun, and terminating in the trunnions 
themselves. Thus the whole force of the recoil was transmitted through the heavy mass at tho 
breech, then through the caoutchouc, ami along the side-rods to the trunnions. The whole was 
mounted on a wood carriage on four roller-wheels, about 8 in. in diameter. Tho weight of tho 
gun and wrmight-iron trunnion-strap was 3 cwt., and the carriage 2cwt. Oqr. 15 lbs., making a total 
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of 5cwt. Oqr. 15 lbs. The shot were cast ns nearly the size of the bore as possible, so ns to move 
freely, but with very little windage. The spherical shot weighed 3| lbs., and the oonical shot 


40S. 



from 6 to 7$ lbs. The following Table exhibits the results of the trial of this gun with 70° eleva- 
tion, Government cannon-powder being used. 


No. 

Description of 
Shot. 

Weight 

— 

Charge of 
Powder. 

Range to First Graze. 



Ihu 


ox. . 


9 

Round .. 

31 

? 

11 

1400 

4 

Elongated .. 

el 

7 

11 

1200 

5 




8 

1220 

6 




11 

1542 

8 



■ 

11 

Lost beyond 1500 

7 


KM; 


16 

„ 1800 



n 


16 

1500 

11 

M * • 

H 

H 

16 

Lost beyond 1800 


The variations in rango wero due, partly, to not having very exact means of adjusting the 
elevations, and portly to differences in the form of the shot. The trials just described were, 
moreover, only intended as preliminary, it being intended to carry out a more complete series at 
another time. Unfortunately, this intention was frustrated by an accident which destroyed the 
gun. Ijongridge had an idea that it might be possible to obtain more accuracy of flight by 
using shot somewhat on the principle of au arrow, Fig. 407, with a long, light shaft, aud heavy 
head. The head was of cast iron, and weighed about 8| lbs. ; 
tho shaft was of fir, fitted tightly into the iron head. When 
fired by mistake with a heavy charge of |>owdor, the wood 
was driven forward with great force, entering and splitting i 
the iron head. This was wedged so tightly in the chase, 
that it never left the gun, but tore it asunder about 12 in. 
from the muzzle. Tho muzzle with the shot in it were thrown forward about 15 yds., and tho 
wire was uncoiled, but not broken. This accident was due to the action of tho shot, and had 
nothing to do with the principle upon which the gun was constructed. Enough, however, had been 
done to allow that, with a gun weighing only 3 cwt, a shot of 7£lbs. could be thrown from 1500 
to 1800 yda, a result, it is believed, not attainable by any G-poundcr in the service. 

We now proceed to describe the guns recently adopted by the French navy. These guns aro 
of cast iron, strengthened by steel hoops up to the trunnions, or even a little further on the chase ; 
they are all rifled and breech-loading. The shot used are of two kinds:— 1. Oblong, or elongated 
hollow shot, containing gunpowder and an arrangement for firing it at the moment of impact ; 
2. Cast steel cylindrical, or cylindrical ogival-headed shot, to be used against iron-clad vessels ; 
the former at short, the latter at long distances. Both kinds of shot are provided with two rows 
of projections, fitting in the rifled grooves of the gun, and made of zinc, cop|>er, or bronze. Tho 
powder-cartridges are made of parchment-paper, while a wad of cork or dry sea-weed is placed 
between the powder and the projectile. The calibre of these guns is 0*16 m.; 0*19 m.; 0*24 m.; 
0 ■ 27 m. The following are the chief dimensions of each of these guns : — 


RijUd Oun of O ' 16 m. Calibre. 


Total length 3 *385 m. 

Diameter at the breech 0*634 m. 

Diameter of bore 0*1047 m. 

Weight of gun 5000 kilos. 


The boro is made with three parabolic grooves, the inclination of which varies from 0° at the 
beginning to (T at the mouth of the gun. With a charge of 5 kilos, of powder, and elongated 
projectile weighing 31*5 kilos., and a wad 0*16 m. in length, the rango of this gun was us 
follows 


950 metres, at an angle of 2° 
3500 „ „ „ 10° 

7250 „ „ w 35° 
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At this last distance the lateral illuviation is 1C metres, and the longitudinal deviation, on an 
average, 44 metres. With a charge of 7*5 kilos., and a steel cylindrical, or cylindrical ogival- 
headed shot weighing 45 kilos., the range of the ogival-headed projectile at 4 3 was about 1700 
metres; the correctness and length of range were aWit the same as when the elongated shot and 
a charge of 5 kilos, were used. The last-mentioned steel shot must not bo fired at iron-clod 
vessels at a greater distance than 000 metres; but at a distance of 300 metres this steel shot per- 
forates iron plates of 15 centimetres’ thickness. 

Rifted Gun of 0 4 19 m. Calibre. 


Total length 3*800 m. 

Diameter at the breech 0*772 m. 

Diameter of bore 0*194 m. 

Weight of gun ' 8000 kilos. 


The bore is made with five parabolic grooves, the inclination of which varies from 0^ at the 
beginning to 0° at the mouth of the gun. With a charge of 8 kilos., a cast-iron projectile weighing 
52 kilos., and a wadding of sea-weed UK) millimetres long, between the powder and shot, the 
range of this gun was : — 

900 mtfret, at an angle of 2° 

3300 „ „ „ 10° 

7000 „ „ „ 35° 

At this lost distance the lateral deviation is about 14 metres, and tho average longitudinal 
deviation about 42 metres. With a charge of 12*5 kilos., and a cylindrical, or cylindrical ogival- 
headed projectile weighing 75 kilos., the range of this gun is, under the same angle of inclination, 
nearly the same for a distance of from 800 to 1000 metres. The cylindrical projectile is, how- 
ever, only intended to lie fired to a distance of 300 mi tres. The solid steel projectiles aro 
formidable weapons against iron-clad vessels covered with armour-plates of 15 centimetres, at 
distances varying from 300 metres for the cylindrical and 800 metres for the cylindrical ogival- 
headed shot. 

Rifted Gun of 0*24 m. Calibre. 


Total length .. 4*560 m. 

Diameter of the breech 0*980 in. 

Diameter of the boro 0*240 m. 

Weight of the gun 14,000 kilos. 


The bore is made with five jiAraWic grooves, the inclination of which varies from 0° to 0 9 . 
With a charge of 1G kilos, this gim throws an elongated shot, weighing on an average 100 kilos., 
as follows : — 

1000 mMre*, at on angle of 2° 

8600 „ „ „ 10 ° 

7800 w „ „ 35° 

With a charge of 20 kilos, this gun projects a steel cylindrical ogival-headed shot weighing 
144 kilos. At an angle of 3° the range is 1120 metres with the ogival-headed and 1020 metres 
with the cylindrical shot. This gun has the greatest effect within 1000 metres, at which distance 
a few shots fired from it would destroy the heaviest and strongest walls in existence. 

A cylindrical projectile, weighing 144 kilns., fired against a shield constructed of 80 centi- 
metres of wood and armour-plate ol 15 centimetres, not only perforated that shield, but also 
carried with it 140 to 150 kilos, of tho iron plate and about a cubic metro of wood. 

Rifted Gun of 0*27 m. Calibre. 

This gun is of the same construction ns the three last mentioned, — tiz. a cast-iron brccch- 
loading gun strengthened by steel hoops. Its dimensions arc : — 


Total length .. 4*660 m. 

Diameter at the breech 1 * 133 m. 

Diameter of the bore 0*275 m. 

Weight of gun 22,000 kilos. 


With a charge of 24 kilos, it throws on elongated projectile weighing 144 kilos.; with a charge 
of 30 kilos, it throws a solid steel cylindrical, or cylindrical ogival-headed shot weighing 216 kilos. 

Two cannons of 42 centimetres’ calibre were lately cast at Kuelle. The material of which they 
were composed was cast iron strengthened by steel hoops. These guns weigh each 37,000 kilos.; 
the diameter of the We is 0*424 ni. The extreme external diameter is 1 *360 m.; diameter at tho 
breech, 1*300 m. ; diameter at the end of tho hooped part, 1 *050 in. This gun will throw ; — 

1. A solid spherical shot 0*42 m. diameter, and weighing 300 kilos., with a powder-chargo of 
50 kilos. 

2. A hollow spherical projectile, weighing 210 kilos., containing 9 kilos, of gunpowder, with a 
charge of 33 kilos. 

Tho Fraser gun is made according to Armstrong's system, with bar-iron wound round a solid 
mandril. This description of gun is made of three different calibres, — 9 in., 0*228 in.; 8 in., 
0*203 m.; 7 in., 0*177 m. The wrought bar-iron used is submitted to a strain of 21 to 23 tons 
the square inch ; if it does not stand this test, its strength is insufficient ; if it is stronger, it 
becomes too unmanageable. The bars are welded together, after testing, in lengths varying from 
50 to 200 ft. = 15 m. to GO m. These long bars are then placed in a reverberatory furnace, 
through which they are dragged, as they become sufficiently hot, to be rolled on a mandril; they 
are thou submitted to the blows of a steam-hammer. 
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Fit?. 408 represents the 24-centiinctro ruii on its carriage. 

Fig. 409 the 24-centimetre gun in course of construction nml jwrtly hooped. 
Fig. 410, hoop with trunnions. 

Fig. 411, breech screw ami plug for gun of 24 centimetres’ calibre. 



American Cast-iron Guns . — Although the United ’States’ Government has made little progress 
in the adaptation of wrought iron and steel to cannon-making, it Iihs Certainly attained to a 
remarkable degree of perfection in the figure, material, and fabrication of its cast-iron guns. 
While constructors in Kur«|to have carefully preserved the traditional tdin|>cM and ornamentation 
of early times, shapes that once had a significance, but arc now only sources of weakness, the aim 
in America has been to ascertain the exact amount and locality of strain , and to profiortinn the 
ports with this reference, to the entire abandonment .of whatever is merely fanciful and tradi- 
tional. 

The consequent saving of weight with a given strength at the point of maximum strain, is 
well illustrated by placing a section of the British 8-in. gun, 08-pu under, over that of the United 
States’ army 8-in. columbiad, Fig. 

412. 

Rodman's process of casting guns 
hollow nml cooling them from w ith- 
in, for the purpose of modifying the 
initial strain-, when added to the 
advantages of good proportion ami 
strong material, produces nearly or 
quite the best result attainable 
with simple cast iron. But tho 
tension of this material at its 
clastic limit is so low, that it will 
not alone endure the pressure ne- 
cessary to give the highest velo- 
cities to the heavy projectiles 
demanded by iron-clad warfare. 

Considering, however, the failure 
of such a large proportion of the 
heavy wrought-mra guns both 
built-up and solid, and tbo pre- 
sent scarcity and enormous cost of 
steel masses of the proper nualitv, 
it is by no means certain that tho 
cast-iron barrel lined with steel, 
or, as so largely ami successfully used in America, France, and Spain, strengthened by hoops, is 
not the l*.*at temporary resort. 

Hollow casting, the most obvious means of improvement, is not deemed important for heavy 
ordnance alone. The 4'2-in. rifled United States' siege-gun. Fig. 418. is cast hollow and cooled 
from within. Indeed, the advantages of the process can bo better realized in tho 8 or 10 in. 
barrel cast for hooping, than in the 15-in. columbiad. 

All United States’ array guns down to 1’2-in. bore are hollow-cast. The 20-in., 15-in., and 
13-in. navy guns have been cast hollow. Fig. 414 shows Die 15-in., and Fig. 415 tho 13-in. 
gun. 
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The following abstract of official rej>ort8 will explain tho conduct nnd results of the hollow- 
cast iug process. 

On the 4th of August, 1819, two 8-in. eolumbiada were east nt the Fort Pitt Work*, from the 
same iron. No. 1 wo* cast solid, in the usual manner; No. 2 was east on a hollow core. through 
which a stream of water passed while the metal waa cooling. 'Hie iron for both castings waa 
melted at the same time in two air-furnaces, each containing 14,000 lb*. After melting, the liquid 
iron remained in the furnace*, exposed to a high heat, for one hour; it was then discharged into 
a common reservoir, whence it issued in a single stream, which, after proceeding a few feet, sepa- 
rated into two branches, one leading to each mould. 



The solid casting was cooled as usual, in an open pit. The hollow casting wns cooled in the 
interior by passing a stream of water through the core for a jw-riod of 40 hours, when the core was 
withdrawn ; after which the water passed through the interior cavity formed by the core, for 20 
hours. The average quantity of water j Kissed through during the whole period was 1 *G6 cubic ft. 
a-miuute, or 100 ft. nn hour; making in nil tiOOOcubio ft., weighing 187 tons. The temperature 
of the water was increased 20° during tho 1st hour; 13* during the 20th hour; 8° during the 40th 
hour; and 2T during the 60th ami last hour. The weight of the water passed through was 30 
times the weight of the casting: and the heat imparted by the casting to the water, ami carried 
off by the latter, was equal to 10 on the whole quantity of water used. The mould for this casting 
was placed in a covered pit, which had l*een previously heated to about 400 ; and this heat was 
kept up ns long as the stream of water was supplied. Both enluinbiada were completed nnd 
insjs'cted Heptember 6th, ami were found to be accurate and uuiform in their dimensions and 
weight*. 

The charges used in testing the guns were ns follows ; — 

Proof Cfuirye*. — 1st fire, 12 lbs. powder, 1 bull, ami 1 wad; 2nd fire, 15 lbs. powder, 1 shell, and 
1 wilwt. 

Service Charges . — 10 lbs. powder, 1 hall, and 1 sabot; mean weight of 1 Kills used, 63} lbs. ; 
mean weight of shells used, 49 lbs. ; mean proof range of jiowder used, 29K yds. 

The guns were fired alternately, up to the 85th round, at which columbind No. 1, cast solid, 
burst. Then the proof proceeded with No. 2, which hurst at the 251st round, having endured 
nearly three times as much service as the other. 

In 1851, two more 8-in. columbind* wore cast at the same foundry, and under similar circum- 
stances ; the one wn* east solid, and the other hollow. The iron for both remained in fusion 2$ 
hours, exposed to a high heat. 

The core for the hollow gun wns formed upon a wnter-tight east-iron tulm closed at the lower 
end. The water descended to the bottom of this tube by a central tube open at the lower end, 
and ascended through tho annulnr space i*etween the tubes. The water {Kissed through the 
core at the rate of 24 cubic ft. a-minutc, or 150 ft. nn hour. At 25 hours after rasting, the core 
wus withdrawn, and the water thereafter circulated through the interior cavity formed by the 
core, at the same rate for 40 hours; making 65 hours in all. The whole quantity of water passed 
through the casting was nearly 10,000 cubic ft., weighing about 300 tons, or nLmt 50 times the 
weight of the casting. The heat imparted by the casting to the water, and carried off by the 
latter, was equal to 6' on the whole quantity of water used. 

A fire was kindled in the bottom of the pit directly after casting, and was continued 60 hours. 
The pit was eovpred, and the iron case containing the gun-mould wns kept at as high a tem- 
perature as it would safely l»ear, being nearly to a red heat, all the time. 

In the name year, two other 10-in. colurabiada were cast, of the same iron, the one solid, and 
the other hollow. Both moulds were placed in the same pit, and all the space in the pit outside 
of the moulds was filled with moulding-sand, and rammed. This was done because the iron 
cases of the moulds were not large enough to admit the usual thickness of day in the walls of 
the mould. It wns apprehended that the heat of the great mass of iron within would {icnctrnte 
through the thin mould, and heat the iron eases so much ns to cause them to yield and let the iron 
run out of the mould. The external cooling of the 10-in. hollow gun, hv the contact of tho tlusk 
with green sand, was therefore much more rapid than that of the 8-in. hollow guu. 

Water was passed through the core at the rate of nlsmt 4 cub. ft. a-minute, or 240 ft. an hour, 
for 94 hours; amounting in all to 22,560 ft., weighing alsmt 700 tons, or 70 times the weight of the 
casting. The mean elevation of the tenqs-rature of all the water passed through the core in 94 
hours, waa about 3|°. At the end of this period nn attempt was made to withdraw the core from the 
casting, which proved unsuccessful. The contraction of the iron around it held it so firmly, that 
the upper |>art of it broke off, leaving the remainder imbedded in the casting. The stream of 
water was then diminished to nlmiit 2 ft. a-minutc. which continued to circulate through the core 
for 48 hours. The supply of water allotted to and circulated through both the 8-in. and 10-in. 
guns was equal, in weight, to the weight of each easting, in aitout 1 hour and 20 minutes. 

When proving these guns, 80 rounds a-day were easily made with 7 men in 5 hours, from the 
8-in. gun ; nnd with 9 men, 60 rounds were made in the same time from the 10-in. gun. 15 rounds 
were sometimes made from the 8-in. gun in 30 minutes. The two guns making the pair to be 
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compared were fired alternately, one discharge from each, in regular succession, until one of them 
burst, when the firing of the survivor was continued by itself. The powder of the cartridges of 
each pair was of the same proof range, and taken from the same cask. 

Proof Charge*, — 8-in., 1st round, 12 Ibe. powder, 1 ball and sabot, and 1 wad; 8-in., 2nd round, 
15 lba. powder, 1 shell with sabot : 10-in., 1st round, 20 lbs. powder, 1 ball and sabot, and 1 wad ; 
10-in., 2nd round, 24 lbs. powder, 1 shell with sabot. 

Service Chargee. — 8-in., 10 lbs. powder, 1 ball with sabot; 10-in., 18 lbs. powder. 1 ball with 
sabot. Weight of 8-in. balls, 03$ lbs. ; of shells, 48$ lbs. : weight of 10-in. balls, 124 lbs. ; of shells, 
91 lb*. 

The number of rounds fired from each gun. including proof charges, were ns follows : — 8-in. 
gun, No. 3, cast solid, 73 rounds; 8-in. gun. No. 4, cost hollow, 1500 rounds: 10-in. gun, No. 5, 
cast solid, 20 rounds ; 10-in. gun, No. G, cast hollow, 249 rounds. 

Kach of them, excepting tho 8-in. gun, No. 4, cast hollow, burst at the last round ; and that 
remains unbroken, and apparently capable of much further service. 

On comparing the enlargements of the bores, made by an equal number of rounds of the guns 
cast solid with those cast hollow, it will be seen that, in both jiaira of guns, tho enlargement is 
least in those cast hollow. 

The less endurance of the 10-in. hollow gun than that of the 8-in. hollow one, is accounted 
for by the fact that tho 10-in. gun had no fire on tho exterior of the flask while cooling, it having 
been rammed up in the pit, where it was supposed, at the time of casting, the heat of the gun would 
have been retained by the sand until the interior should have been cooled by the circulation of 
water through the core-barrel. This supjtosition was found to l>e erroneous on digging out the 
sand, as its temperature was found to be much lower than had been expected. 

One of the 15-in. American naval guns was fired 900 times at elevations from 0 to 5°. The 
charge commenced at 35 lbs. It was then increased to 50 lbs. With GO lbs., 220 rounds wore 
fired. The gun at length burst with 70 lbs. The shot in all cases was 440 lbs. After the first 
300 rounds, the chamber, Fig. 414, was bored out to a nearly parabolic form, and the chase was 
turned down 3 in., ho as to fit the port designed for the 13-in. gun. 

< kAumhiad a . — The colurubiads. Fig. 416, 417, are a species of sea-coast cannon, which combine 
certain qualities of the gun, howitzer, and mortar ; in other won Is, they are long, chambered pieces, 
capable of projecting solid 
shot and shells, with heavy 
charges of powder, at high 
angles of elevation, and are 
therefore equally suited 
to the defence of narrow 
channels and distant road- 
steads. 

Tho columbrnd was in- 
vented by Bumford, and 
used in the war of 1812 
for firing solid shot. In 1844 the model was 
changed, by lengthening the bore and in- 
creasing the weight of metal, to enable it to 
endure the increased charge of powder, or 
$th of the weight of the solid shot. Six 
years after this, it was discovered that the 
pieces thus altered did not always possess 
the requisite strength. In 1858 they were degraded to tho rank of shell gnns, to be fired with 
diminished charges of powder, and their place* supplied with pieces of improved model. 

The changes made in forming the now model, consisted in giving greater thickness of metal 
in tho prolongation of the axis of tho bore, which was done by diminishing the length of the boro 
itself; in substituting a hemispherical bottom to the bore and removing the cylindrical chamber ; 
in removing the swell of the muzzle and base ring ; and in rounding off the corner of the breech. 
The present model, as illustrated, was proposed by Rodman, in 1800. 

In addition to tho heavy ordnance before mentioned, the Navy Department has introduced a 
superior gun of 10-in. calibre, called a 125-pounder. The exterior dimensions are nearly the same as 
those of the 11-in. gun, except that the maximum diameter of the reinforce is continued farther 
forward, 3 calibres. The first of these guns was cast solid, and endured 47 lbs. of powder 
and 125-lb. balls for some hundred rounds. Tho new 10-in, gun is cast hollow ; charge, 40 lbs. ; 
shot, 125 lbs. 

The chambers of the navy 13 and 15 in. guns, as shown in Figs. 414, 41.5, have recently been 
changed to a shape nearly parabolic. 

The Navy Department has four 12-in. rifles, cast hollow, of about the exterior dimensions of the 
15-in. gun. It is believed that they will have satisfactory endurance with 50-lb. charges and 

600 -lb. holts. 

Twenty-inch guns for the army and navy have recently been cast at Pittsburg. The following 
are tho particulars of the metal and the fabrication of the first 20-in. army gun : — 

The iron was high No. 2, warm blast, 200" 3 hematite, from Blair county, Pennsylvania. The 
smelted pigs were remelted and cast into pigs, which were again melted in three air-furnaces. The 
weight of iron was 172,000 lbs. ; the time of melting, 7$ hours ; the time of casting, 23 minutes. 
Water, run through the core at the rate of 30 gallons a-minute, during the first hour was heated 
from 36° to 92° ; during the second hour, at the rate of GO gallons a-minute. water emerged at 61°. 
From the 15th to the 20th hour after casting, the water was heated 21 '5 r . After the 20th 
honr the core-barrel was removed, and air was forced into the boro at the rate of 2000 cubic feet 
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a-minute. The metal wan considered too high to be cooled by the direct contact of water. At the 
50th hour after carting, the air emergiug from the gun was 130 seconds in rising GO 5 to 212°. The 
gun was cast on the 11th of Fell- 

rtmry, 1864. On the 17th, the dif- r~t *"• 

ference in the tempera tun; of tho 
entering aud emerging air was 100°; 
on the 20th it was Sir. Air circu- 
lates! through the bore till the 24th. 

The mould, 5 to < 5 in. in thick- 
ness, was made in a two-part iron 
flask, 1} in. thick. On the 23rd the 
upper part of the mould was removed ; on the 24th tho lower part was removed ; on the 25th the 
gun was removed from the pit. 

Tho density of the metal taken from the casting was 7*3028. The tenacity was 28,737 lbs. per 
aquaro in. 

Fig. 418 shows a section of the 11-in. Dahlgron gun used in the United States* navy. 



1’articui.abs and Chart.es or U. S. Hollow-Cast Iron Army Ordnance. 
The Heavy Guns hare no Preponderance. 


Name of Gan. 

Length. 

1 length 
of bore. 

| 

Max. 

dLam. 

1 

Weight. 

I .Service charge. 

B r** > * Weight 

tsar !«'“"><■ 

Weight f 

of j 
Shell. | 

Remarks. 


| In. 

Id. 

in. 


1 lb*. 

I lb*. 

| lb. 

lb*. 

( Weight of shell not 
\ determined. 

20-in. columbiad .. 

243-5 

210 

64 

115,200 

100 


; iooo 


15-in. „ 

IDO 

165 

48 

49,100 

1 so 1 

\ -6 groin / 

17 

,(%} 

330 

Cored shot. 

13-in. „ 

177*6 

155*04 

| 

41*6 

32,731 

30 No. 5 

7 

1/ 300 1 
1 2S0 / 

224 


10-in. „ of 1860 

136*66 

105*5 

32* 

15,059 

/15 for shell 1 

3 

127* 

100 


8-in. „ „ 

123*5 ] 

110 

25*6 

8.465 

10 

n 

68 i 

48 


Rifles. 










4$-in. siege-gun of\ 
1860 / 

133 

120 

16 j 

3,450 

Si 


30 

30 

Twist uniform. 1 turn 
in 15 ft. Prepon- 









durance 300 lbs. 

3-in. field-gun of 4 1 

1861 Jj 

72*65 

65 

9-7 

830 

1 


10 

10 

Twist uniform. 1 turn 
in 10 ft. Prrjjon- 







1 

1 

durance 40 lbs. 


Particulars and Charges or U. S. Cast-Iron Navy Ordnance in Service. 


Name of Gan. 

Length 
of bore. 

Max. 

<lUru. 

Weight. 

Service 

charge. 

Max. 

charge. 

Weight Of 
ShoL 

Weight of 

SladL 

Remark*. 

Smoothdtores. 

In. 

In. 

Iba. 

Iba 

/ Prohahly ) 
\ )«> ; 

lb*. 

Iba 

Iba 

/Shull not determined. 

20-in. gun *. 

163 

64 

100,000 


1000 


( Cored shot, and gun 
1 cast hollow. 

15-in. „ 

130 

48 

42,000 

35 

60 

400 

330 

/Cast hollow. Cored 
t Bhot. 

13-in 

130 

44*7 

36,000 

40 


280 

224 

Cast hollow. 

11-in. „ 

132 

32 

16,000 

15 

20 

170 

130 

lately cast hollow. 

10-in. „ 

1194 

25M 

12,000 

12* 

16 

125 

100 

Cast solid. 

9-in. „ 

107 

72-2 

9,200 

10 

13 

93 

70 

Cast solid. 

125-pdr. (10-in.) 

117} 

33-25 

16,500 

40 


125 

100 

Cast hollow. 

Rifles. 









Parrott 10-in. .. 

144 

40 

26,500 

25 


230 to 250 

250 

iThe Parrott guns arc 

„ 8-in. .. 

136 

32 

16,300 

16 

.. 

132 to 175 

152 to 175 

hooped with wrought 

„ 100-pdr. \ 

(6* 4-in.) ../ 

130 

25*9 

9,700 

10 

•• 

70 to 100 

100 

1 

iron, and are lately 
cart hollow. 


Rronze Gum . — An alloy of abont 90 parts of copper and 10 parts of tin, commonly known as 
“gun-metal” in Europe, is popularly called “brass’* in America, when used for cannon, and 
named w bronze** by recent American writers. A strong cast iron is also known in America as 
“ gun-metal." 

The “ work done” in stretching to the elastic limit and to the point of fracture, is leas for ordi- 
nary bronze than for wrought iron of maximum ductility, and for low steel. This defect, added 
to tho costliness of bronze, to the various embarrassments experienced in the easting of large 
masses, to its softness, and consequently rapid wear and compression, and to its injury by heat, has 
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not warranted it* employment for large calibres and high charges. The increase of coot, with 
increase of weight, would probably be greater for bronze than for cast iron, and much greater than 
for steel or wrought iron, because bronze must be cast under great pressure, to bo sound and tena- 
cious. Ho that, wt*re it the proper metal in other particulars, an unnecessarily largo and actually 
immense non-paying capital would he tied up in a national bronze armament. The high value of 
the old material would not offset this eost to the extent that it does in railway matters, for obvious 
reasons. 

The mean ultimate cohesion of gun-metal, according to European authorities and the experi- 
ments of the United Staton' Government, is aUnit 33.000 lbs. per sq. in. Mallet states it from 
32,334 lbs. to 43,531? lbs. Major Wade states it from 17,008 lbs. to 56,780 lbs. 

Benton* says, that “the density and tenacity of bronze, when cast into the form of cannon, are 
found to depend upon the pressure ami mode of cording. This is exhibited by the means of 
observations made on fire guns cast at the Chicopee Foundry, namely : — 




Dowry. 

Tkkacitt rra Squabs Ixrw. 



BrWCb square. 

(■un-brad. 

Finished pun. Breech square. 

1 Gun-head. 


8*765 

! 8*444 

8-740 46,509 * 

27,415 


The guns were cast in a vertical position, with the breech square at the liottnm. In conse- 
quence of the difference in the fusibility of tin and copper, the perfection of the alloy depends 
much on the nature of the furnace and the treatment of the melted metal. By these means 
alone, the tenacity of bronze has been carried, at tin? Washington Navy Yard Foundry, as high 
as 60,000 lbs. 

The fabrication of bronze ordnance appears to be far better understood in Sjwiin, and more 
especially in Turkey, tlian in America or England. Home bronze guns of 20 tons’ weight have 
been cast in Spain, but they cannot be rapidly fired. 

According to American atul British authorities, the want of uniformity, even in different parts 
of the same gun, is a striking defect. For instance, for light pieces, especially for field-cannon, 
bronze is much used, but there are many objections even to this alloy. As the tin is much more 
fusible than the copper, and must be introduced when the latter is in fusion, it is difficult to seize 
the precise moment when the alloy can be properly formed; part of the tin is frequently burned 
and converted into scoria. 

Major Wade, after calculating the results of experiments on a lot of bronze guns, cast at 
Chicopee, says, “The moat remarkable feature of the above table is the irregular and heteroge- 
neous character of the results which it exhibits in samples taken from different parts of the same 
guns. By an examination of the results obtained from the heads of all the guns cast, it will 
appear that the density varies from 8*308 to 8*756, a difference equal to 28 lbs. in the cubic foot ; 
and that the tenacity varies from 23,529 to 35,484, a difference in the ratio of 2 to 3. These 
differences occur in samples taken from the same jmrt of different oustings, the gun-bead : the 
part which, iu iron cannon, gives a correct measure of the quality of the metal in all parts of the 
gun. The materials used in nil these castings were of the same quality; they were melted, east, 
and cooled in the same manner, and were designed to be similarly treated iu all respects. The 
causes why such irregular and unequal results were produced, when the materials used and the 
treatment of them were apparently equal, are yet to Is- ascertained.’* 

The authorities generally agree that the tin in bronze guns is gradually melted by the heat of 
successive explosions. If this is the case with field-guns, the heavy charges and projectiles, and 
the quick firing demanded in iron-clad warfare, would soon destroy this material. Colonel 
Wilford stated, at a mooting of the United Service Institution, that iron mortars were intro- 
duced because holes were burned in the chambers of bronze mortars by the immense heat of 
the powder-gas. Heat also causes the drooping of the porta of a bronze gun that overhang the 
trunnions. 

As to decomposition. Captain Benton says, “ Bronze is but slightly corroded by the action of 
the gases evolved from gunpowder, or by atmospheric causes;” hut Captain Simpson remarks, 
that the gases produced by tin* combustion of gunpowder also produce an injurious effect upon 
this kind of piece, by acting chemically on the bronze. 

All these defects of bronze for the We of a gun, irrespective of strength, namely, the melting 
of the tin, the change of figure, the conversion, abrasion, and compression, obviously aggravate 
each other; and, when taken in connection with rifling and excessive pressures, are conclusive 
evidence as to the unfitness of the material to meet the conditions of greatest effect under consi- 
deration. 

The nvernge ultimate tenacity of bronze is so low — in fact, little above that of the beat average 
cast gun-iron — that the Iom of strength, due to want of regulated initial tension and compres- 
sion. becomes a very serious defect when calibres are large and pressure high. To remedy it 
by hooping bronze with steel or iron, would not avoid the defective surface of the bore just 
considered. 

The Hutch, however, have lined east-iron gnna with bronze, and Blakely luifl constructed some 
experimental guns in the same way for another reason : bronze can safely elongate more than cast 
iron, without permanent change of figure; and when it is put in a position where it must Ik- more 
elongated by internal pressure, the strength of the whole structure is thus brought into service — 
the principle of varying elasticity, already consideri-d, is approximately realized. 
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Bronze hoops upon steel or iron barrels would Avoid the defect of a soft bore, but they would 
increase the defect just considered, due to the unequal stretching of the layers of a tube by 
internal pressure. A principal advantage of bronze hoops is, that with the little heat they would 
get from the powder, they would expand to the same extent, approximately, as the more highly- 
heated iron barrel, thus reducing the danger of bursting by rapid firing. 

Other AUoyn , — Phosphorus is known to improve the strength of copper, and to make it cast 
soundly. Abel, chemist to the British War Department, stated before the Institution of Civil 
Engineers, that he had made some experiments upon the combinations of phosphorus with copper, 
ami “ hod found that by the introduction of a small proportion, soy from 2 to 4 per cent., of phos- 
phorus into copper, a metal was produced remarkable for its density ami tenacity, and superior in 
every respect to ordinary gun-metal. He believed the average strain borne by gun-metal might 
be represented by 31,000 lbs. upon the square inch; whilst the material obtained by adding 
phosphorus to copper boro a strain of from 48,000 to 50,000 lbs. But the increased tenacity was 
not the only beneficial result obtained by this treatment of copper. The material was more 
uniform throughout, which wns scarcely ever the case with gun-metal. The experiments alluded 
to were merely preliminary, and had been, to a certain extent, checked by the improvements since 
introduced in the construction of field-guns, which had led to a discontinuance of the employment 
of gun-metal.” 

Aluminium has been found to add great strength to copper. The compound formed of these 
two metals is called Aluminium Bronze. John Anderson, superintendent of tho Royal Gun- 
factory, Woolwich, found the tensile strength of an alloy of 90 per cent, of copper and 10 per cent, 
of aluminium was 73,181 lbs. the square in., or twice that of gun-metal, and its resistance to 
crushing 132,146 lbs., that of gun-metal Iteing 120,000 lbs. The aluminium bronze did not 
begin to change its form until the pressure exceeded 20,384 lbs. In transverse strength or 
rigidity it was also found superior to gun-metal, in the ratio of 44 to 1. Its tenacity and elasticity 
dcjicud on a particular number of meltings : at tho first melting aluminium bronze is very brittle, 
a state to which it again returns after fusion. 

Tho first melting appears to produce an internal mechanical mixture, rather than a chemical 
combination of the metals; as, in the proportion of 10 of aluminium ami IK) of copper, an alloy of a 
very hrittlo character is produced by the first melting ; baft by repeated meltings a more uniform 
combination seems to take place, and a metal is produced free from brittleness, and having 
about tho same hardness as iron. The alloy, containing rather less than 10 per cent, of 
aluminium, is said to possess the most uniform romnosition and the l>est degree of hardness; 
but it is not always an easy thing to produce this desirable uniformity of texture, as patches 
of extreme hardness sometimes occur, which resist the tools, and are altogether intractable to 
the action of the rollers. 

Aluminium bronze, composed of 9 parts by weight of copper and 1 of aluminium, was found 
by J. Anderson to have a tensile strength of about 43 tons, 96,320 lbB. ; but two other specimens, 
which were not quite sound, had only a mean tensile strength of 22J tons, 50,400 lbs. So that 
the metal is liable to great variations in strength. 

The cost of this alloy would of course provent its extensive introduction as a cannon-metal. 

Uterro-metaJ, a recent invention of Baron de Roethom, of Vienna, is described by a correspondent 
of the * Times.* Tho mechanical proportion of the alloy were carefully examined at tho Polytechnic 
Institution, Vienna, with the following results : — 


Tensile Strength or Stebbo-Mctal. 


Sterro- Metal. 
After simple fusion .. 

„ forging rod-hot 
„ drawn cold .. 


G un- Metal — Bronze. 
After simple fusion ,• 


Total l* Strength 
in Ton*. 

Reduced to Pounds. 

27 

60,480 

31 

76,160 

38 

85,120 

18 

40,320 


The same copper, from Boston, U.8., was used in making both the sterro-mctal and the gun- 
metal, anil for the latter the best English tin was employed, lloth alloys were cast under precisely 
similar conditions, and run into the Bame mould. Similar teats were made at the Arsenal, Vienna, 
and the results are as follows : — 


Tensile Strength of Rterro-Metal. 




Tensile Strength ^ 
in Tona 

Reduced to Pounds. 



After simple fusion ! 

„ forging red-hot 

Drawn cold and reduced from 100 \ 
to 77 of transverse sectional area / i 

28 

32 

37 

62,720 

71,680 

82.880 

1 
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The specimen* of metal operated on in the preceding experiments were analyzed at the Austrian 
mint. The results are as under : — 



Polytechnic Metal. ! 

! Arsenal Metal. 

i Copper 

! Spelter 

55*04 

42*36 

57*63 

40*22 

1 Iron 

1*77 

1*86 

j Tin 

0*83 

0 15 


loooo 

99-8G 


Experience has shown that the proportion of spelter may vary from 38 to 42 per cent., without 
materially affecting the finality of the alloy. The specific gravity of the forged metal is 8 ’37, and 
that of the same metal, drawn cold into wire, 8*40. But sterro-mctal possesses another quality, 
which, in reference to its application for guns, is regarded as more important than its high 
tenacity, namely, great elasticity. It is not permanently elongated until stretched beyond <»f 
its length. Sterro-mctal, it should bo stated, is from 30 to 40 per cent, cheaper Hum gun-metal. 
Field-guns, from 4 to 12 pounders, have been made of single pieces of metal, w orked by the action 
of a hydraulic press, whereby expenso in forging is avoided; but reliable experiments have demon- 
strated that the metal thus treated has precisely the same properties and the same tensile strength 
ns bars of it draw'll out under the steam-hammer. 

The following is the official report of experiments made by John Anderson, upon this metal, 
variously compounded and treated : — 

Composition of this alloy, as made in the Arsenal at Vienna, is, — copper. f}0; zinc, 41*88; iron, 
1*94 ; tin *lfi& And, as mode at the Polytechnic, Vienna, its composition is, — copper, 00; zinc. 
46*18; iron, 1*93: tin, *905. 

Alloys of similar comjiosition to that of the Austrian metal have been prepared in the Royal 
Gun -factories, from which a better result has been obtained than from mixtures of the Austrian 
metals, also prepared in the Royal Gun -factories. The subjoined Table shows the results of tho 
experiments with these different specimens. 

This alloy is said to be the invention of Baron do Rnsthorn, of Vienna. It derives its nomo 
from a Greek word signifying “ firm.” It consists of copper and spelter, with small {tortious of 
iron and tin ; and to these latter its peculiar properties are attributed. 

It has a brass-yellow colour, is close in grain, is free from porosity, and has considerable 
hardness, whereby it is well adapted to bearing-iuetal, or other purjioses, where resistance to fric- 
tion is needed. 

The inventor proposes that, in heavy ordnance, the interior should consist of a tube of sterro- 
metal, and, over this, wrought or east iron should be shrunk, from the breech to beyond tho 
trunnions. 


Composition and Strength op Sterbo-Metal, Woolwich. 




Strain at IVrma- 

Breaking 

Weight. 

Ultimate 

Composition. 

T realm <nt. 

nent Elongation 

Elongation 



of * ooz tbs inch. 

the inch. 



toot. 


inches. 

Austrian mixture 

As received 

6*75 

20-75 

•i 

R. (J. factories' mixture of copper, GO;! 
zinc, 39; iron, 3; tin, 1*5 J 

Cast in sand 

11* 

21*5 

05 

R. G. factories’ mixture of copper, 00:1 
zinc, 44 ; iron, 4 ; tin, 2 / 

tt •• •• 

13*75 

19*25 

*015 


Cast in iron 

17 25 

24*25 

*016 

>» » w .... 

Cast in iron andl 
annealed.. 

15*25 

23*25 

*02 

it n It •• •• 

Forged red-hot .. 

17* 

28* 

•045 


In a discussion before the Institution of Civil Engineers, Charles Fox said that “ he believed 
it would eventually be found that the best gun could be constructed with some extremely dense 
and homogeneous alloy, cast and used without being drawn under the hammer. If a gun 
was made of an alloy possessing very great density, the detonating force of the powder would be 
resisted by a greater quantity of the metal employed than it could be by making use of one with 
greater elasticity. He thought, therefore, the best guns would be made of iron, mixed with some 
other metals, such as wolfram and titanium, so as to insure tho greatest strength and density. 
Mushet had obtained great density, by mixing with iron a small percentage of wolfram, and great 
strength by the use of titanium. Therefore, he was inclined to believe, that guns cast of tho 
densest alloys would have greater effect, in proportion to their thickness, than could be obtained 
by any complicated and expensive mode of construction." 

It is obviously impossible, in tho absence of further experiments, to predict either great success 
or failure for the alloys considered, as compared with item. The field for discovery and improve- 
ment is certainly broad and promising ; but no more so than in the case of steel. Although the 
alloying of copper, especially for cannon, has been practised for more than five hundred years, and 
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should, therefore, bo in advance of steel-making, which, for the purposes of artillery, ia the work of 
the last decade, both metals — in fact, all metals — are undeveloped, because their chemical rela- 
tions, and especially their elongation, within and beyond the elastic limit, and the corresponding 
pressures, have not been properly investigated. 

While certain alloys, of noth iron and copper, have one important feature in common — homo- 
geneity, due to fusibility, at practicable temperatures — the alloys of iron have this grand advan- 
tage ; iron is everywhere cheap and abundant ; and the other necessary ingredients anti duxes — 
Carbon, manganese, zinc, and silicUim— are equally abundant, and, in some localities, already 
mixed, which would appear to be, on the whole, advantageous, although the mixtures are not 
found in proper proportions. 

The fitness of metals for cannon depends chiefly on the amount of their elongation within the 
elastic limit, and the amount of pressure required to produce this elongation ; that is to say, upon 
their elasticity. 

It also depends, if the least possible weight is to be combined with the greatest possible pre- 
ventive against explosive bursting, upon the amount of elongation and the corresponding pressure, 
beyond the elastic limit; that is to say, upon the ductility of the metal. 

Hardness, to resist compression and wear, is the other most important quality. 

Cast iron has the least ultimate tenacity, elasticity, and ductility ; but it is harder than bronze 
and wrought iron, and more uniform aud trustworthy than wrought iron, because it is homo- 
geneous. 

The unequal cooling of solid costings leaves them under initial rupturing strains ; but hollow 
casting, and cooling from withiu, remedies this defect, and other minor defects. 

Wrought iron has the advantage of a considerable amount of elasticity, a high degree of 
ductility, ami a greater ultimate tenacity, than ca»t iron ; but, as large masses must be welded up 
from small pieces, this tenacity cannot bo depended upon : this defect, however, is more in the pro- 
cess of fabrication than iu the material, and may bo modified bv unproved processes. Another 
serious defect of wrought iron is its softness, and consequent yielding, under pressure and friction. 

Low cast steel has the greatest ultimate tenacity ami hardness ; and, what is more important, 
with tin equal degree of ductility, it has the highest elasticity. 

It has the great advantage over wrought iron, of homogeneity, in masses of any size. 

It is, unlike the other metals, capable of great variation in density, by the simple processes of 
hardening and annealing, and, therefore, of being adapted to the different degrees of elongation 
that it is subjected to, in either solid or built-up guns. 

Bronze has greater ultimate tenacity than cast iron, but it has little more elasticity, and less 
homogeneity ; it has a high degree of ductility, but it is the softest of cannon-metals, and ia inju- 
riously affected by the heat of high charges. 

The other alloys of copper are very costly, and their endurance, under high charges, is not 
determined. 

In view of the duty demanded of modern guns, simple cast iron ia too weak, although it can bo 
used to advantage for jackets over steel tubes — a position whew mass, small extensibility, and the 
cheap application of the trunnions and other projections, arc the chief requirements. And, 
although cast-iron barrels, hooped with the best high wrought iron, and with low steel, cannot 
fulfil all the theoretical conditions of strength, and do not endure the highest charges, they have 
thus far proved trustworthy ami efficient. 

Wrought iron, in large masses, cannot be trusted, and is, in all cases, too soft. 

Bronze is soft, and destructible by heat. 

Ix>w steel is, therefore, possibly in connection with cost iron, ns stated above, by reason of the 
associated qualities which may be called strength and toughness, the only material from which wo 
can hope to maintain resistance to the high pressures demanded iu modern warfare. 

See Armour. Gunpowder. Material ok Construction, strength of. Ordnance. 

Work* relating to this subject : — Strucnsee, ‘ Aufnngagrunde v. Artillorie,’ 1788. Moineke, 

4 Anleitung sum Guns des Bronzirteu Gescbutzea,’ 1817. 4 Report of Experiments on the Strength 
and other Properties of Metals for Cannon,’ 4 to, Philadelphia, 185(1. R. Mallet, 4 On the Con- 
struction of Artillery,’ -ito, 185(5. 4 Re|sirt of Experiments upon British and Foreign Ores for 
the Purposes of Cast-Iron Ordnance.' fol., 1859. J. A. Longridgo, ‘On the Construction of 
Artillery,’ Transactions Inst. C. E., 18(50. Captain Rodman's ‘ Reports of Experiments on the 
Properties nf Metals for Cannon,’ 4tn, Boston, 1861. ‘Rejorts from the Select Committee on 
Ordnance,’ 1862-63. D. Treadwell, ‘On the Construction of Hooped Cannon,’ royal 8vo, New 
York, 18(54. Holley's ‘Treatise on Ordnance and Armour,’ 8vo, New York, 1865. Aloncle, 
‘Etudes hut l’Artillerie,* 8vo, Paris, I860. 4 Reports of the Whitworth and Armstrong Committee,* 
2 vols,, fob, 18(56. H. L. Abbott, ‘Siege Artillery in the Campaigns against Richmond,’ 8vo, 
New York, 1868. 

See also: — ‘Journal of the United Service Institution.* 4 Aide-Memoire to the Military 
Sciences.’ 

ASIIBERING. Fb., Macon nerie Je mo&lon ; Gen., Schahcerk, Bruchstein Matter- 
i eerk ; Ital., Rilti ; Span., Obra de sitleria y silltirejo. 

Ashlcring, in carpentry, are the short, upright pieces of timber or quartering, 
as A in sketch, fixed in garrets to the floor and rafters to cut off the acute angle 
formed by the rafters and floor. They arc usually 2J in. thick by 4 iu. wide, and 
from 2} to 3 ft. long, spaced about 12 in. apart. They arc lathed over and 
plastered as in ordinary partitions. 

Ashlar or Ashler Work . — In masonry, where each stone is squared and dressed 
to given dimensions. It is usually applied to the squared stone-facing of walls in which the beds 
are dressed horizontal and the joints vertical and disposed at uniform distances, so as tn break joint 
with the stone in the course above and below. The face may be worked in any way. It may be 
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loft rough from the quarry, when it is called “ rock-ashlar or it may bo dressed in a variety of 
ways, in which case it is called “dressed ashlar.” 

In the neighbourhood of London, the term ashlar is applied to a thin facing of Bquared stones 
laid in courses, with clcwo-iltting joints, and set in fine mortar or putty. Bee Masonry. 

ASH-1* AN. Fa., Cendrier ; Geh., Aschkasten ; Ital., Ceneracciolo ; Span., Cenicero. 

Bee Boilers. 

ASH-PIT. Ffi., Fosse a ccndre ; Ger., Aschloch ; Ital., Ctnerario ; Span*., Cenicero. 

Boo Boilers. 

ASPHALTE. Fr., Asphalte ; Gkb.. Asphalt ; Ital., Asfatto ; Stan., AsfaUo. 

Asphalte is a bituminous limestone found in the Jura Mountains and other localities, which is 
used in the formation of pavements and in tho manufacture of bituminous cement. 

Bitumen is found in nature in various conditions, and is met with in many ports of tho 
world. It is supposed to lie the substance mentioned in Genesis, chap, xi., ver. 3, ns having tieen 
used, instead of mortar, in building the Tower of Babel ; and there are numerous proofs of its having 
beeu used in ancient buildings in Egypt and Assyria. It is found, more or less pure, in large quan- 
tities washed on the shores from the surface of the Dead Sea or Lake Asplmltites, and is supposed 
to lie derived from bituminous springs in the neighbourhood of that lake. Immense quantities of 
bitumen exist in tho island of Trinidad, at a place called the Tar Like, where the ground, for an 
unknown depth, contains so large a proportion of bitumen, that in hot weather it liocomew too soft 
to walk upon. In some localities there are beds of shale so highly impregnated, that upon wells 
or pita being dug they become filial with bitumen. In other localities tliere are bituminous sands. 
In Auvergne, in Franco, an? many IhmIs of this description ; and near Clermont bitumen exudes 
from the ground into a kind of wells, which have received the name of Fountain of Pitch. 

It is, however, from beds of bituminous sandstone that, next to the bituminous limestone, the 
best description of bitumen is obtained. It is from these lxds, which have been technically termed 
molasses, that most of the bitumen, or mineral tor, is obtained for mixing with the bituminous 
limestone in the manufacture of asphaltic mastic. 

Bitumen is composed of carbon, hydrogen, and oxygen, in the proportion of about 85 carbon, 
12 hydrogen, and 3 oxygen. The colour is a deep black, with a very alight tinge of redness. It has 
a jM-euIiar aromatic odour, somewhat ri*sembling, but still very different from that of tar and pitch. 
The odour is very strung when at a boiling temperature, but at ordinary temperatures it is scarcely 
perceptible. At a temperature under 50° Fahrenheit it is solid and brittle ; from 50° to almut 
7CT it is soft and plastic ; from 7Qf- to 90° it has a pasty consistence : from 90° to 110° or 120° it is 
glutinous; and above PiCF it is liquid. The specific gravity is about 1 '03. 

The geological origin of bitumen is somewhat uncertain. The most pmlwlile hypothesis appears 
to lie that it was produced from beds of coal while subject to heat and pressure at great depths lielow 
the surface of the earth, and that it was afterwards forced upwards through the suj*erincurabont 
strata during some convulsions of nature. In its progress to, or on its arrival at the surface, it 
impregnated the limestone and sandstone rockB, and became mixed with the other strata in which 
it is now found. Here it may be necessary to observe, that the vague conjectures upon which 
geology is founded, and such matter os rest rather upon a speculative than a substantial, philo- 
sophical itasis, are neither examined nor discussed in this work, and they receive but little of our 
attention. 

For the purpose of obtaining bitumen, or mineral tar, the sandstone is broken into niecca 
about the size of the stones used for macadamizing roads, ami placed in caldrons and boiled in 
water. In al>out an hour the bitumen becomes liquid and rises to the surface, aud the stone falls 
to the bottom in grains of sand. The bitumen is then skimmed off*. If, however, the sand be in 
very fine grains, a considerable quantity of it becomes mixed in the boiling with the bitumen, anil 
rises with it to the surface of the water. A second operation, therefore, Incomes necessary in order 
to render the bitumen sufficiently free from sand. For this purpose it is plared in another caldron, 
and heated to such a degree as to render it quite liquid. The water remaining in the shimmings 
soon evaporates, and the sand falling to the bottom, tho pure bitumen is drawn off. In this 
second operation a considerable quantity of bitumen is lost in conaequetice of the impracticability 
of separating it from the sand at the bottom of tho caldron. Of late years bitumen is sometime* 
extracted by chemical solution, and the liquid in which it lias been dissolved drawn off bv 
evaporation. A small admixture of pure saml is of very little detriment for most punswes to which 
bitumen is applied : but it is essential that it should be free from enrthv or vegetable matter. In 
extracting bitumen from such soils ns that in which it is found in the island of Trinidad, it is 
necessary to resort to complex chemical processes, and even then the result is inferior to the 
products of the bituminous sandstones. 

Bitumen has been used from remote antiquity, and probably asphalte also may have been 
known to the ancients : but it does not appear to have W*n applied to its present uses until 
the beginning of the eighteenth century. The first mine of asphalte was that of the Val-de- 
Travcrs, near NeuchAtel, in Bwitzerland. It was discovered by Dr. d'Eyrinis, who published in 
the year 1721 a small volume, in which the nature and uses of asphalte are very fully explained, 
and its adoption for various purposes enthusiastically advocated. It was not, however, until 1833 
that the first imvcments of asphalte were laid in the streets of Paris. 

The valuable properties of asphalte now became fully appreciated ; and not only so, but they 
were greatly exaggerated, and the material applied to purposes for which it was not adapted. 
Abont this time asphalte produced an industrial fever not unlike the celebrated South-Sea Bubble 
or the more recent railway mania. Societies were formed in Paris, whose* shares increased in price 
within a few months to ten times their original cost ; and then in a very short time a reaction 
occurred, and one-tenth of the original cost could not be obtained for the same shares. The evils of 
excessive speculation disappeared in course of time, and ot present the production and appli- 
cation of asphalte is an extensive and well-regulated branch of industry. It is much more used on 
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the continent of Europe than in England. It is the material generally adopted for the pavements 
of Paris, and indeed for very many of the carriage-roads. During the period of excitement several 
companies were formed in England for the supply and application of asphalte, and amongst others, 
one promoted by Claridge, and one known as the Metropolitan Mineral Rock and Asphalte Com- 
pany. which still maintain the highest character for excellence of materials and workmanship. 

The heat description of usphnltc consists of a limestone composed of nearly pure cart>oimtc of 
lime, impregnated with from six to ten narts by weight of bitumen. The principal source of supply 
at the present time is from the Jura Mountains, in the neighbourhood of Seysscl, on the west hunk 
of the river Rhone. 

The colour is a dark chocolate, approaching to black. In eold weather the stone is lmrd, and 
easily broken ; but in warm weather it softens under the blow of tiio hammer. The specific 
gravity is about 2 *25. 

The bituminous limestone, after being quarried, is broken to a size that would pass through a 
ring about 2} inches in diumeter. It is then nduced to powder, either by grinding, or by crushing, 
or by exposure to heated steam. The first method is generally preferred : but when the stone is 
hard and deficient in bitumen, it is more convenient to crush it between revolving cylinders ; on 
the other hand, with stone which is soft and contains an excess of bitumen, the hot vapour process 
may bo more advantageous, especially in warm weather. The powder requires to be sifted, and 
all the large particles again passed through the mill, or otherwise reduced to the renuisite degree 
of fineness. The next process is to place tin* |>owder in a caldron, in which a small quantity of 
pure tytumen has been previously melted, and to bring it into a state of fusion and stir it by 
machinery until the whole is thoroughly mixed, when it is drawn off and run into moulds to form 
blocks of about 1 cwt. These blocks, when cold, are ready for exportation as asphaltic mastic. 
The finest mastic contains 87 per cent, of the carbonate of lime ana 13 per cent, of bitumen, hut 
several qualities of mastic are prepared by adding to the other ingredients various projections of 
very coarse-grained sand, termed “ grit.” The mastic requires to he remelted on the spot, whero 
it is to be used in the laying of pavements or other works ; and for this purpose portable caldrons 
ore provided, and a small quantity of the mineral tar is added, as a flux, with every melting. 

Mastic of pure asphalte is seldom used without some admixture of grit, a certain proportion of 
which adds to its power of enduring wear and tear, and of resisting the tendency to soften at high 
tern j»erat ores. Asphalte containing about 15 per cent, of fine grit is best adapted for covering 
roofs, and that containing about 25 jier cent, of coarse grit for the laying of footpaths. Asphalte 
pavements should not become appreciably soft when subjected to a temperature of 100" Fahrenheit. 

The principal uses of asphalte are for covering roofs; for protecting underground vaults, 
magazines, rail way -arches, Ac., from the percolation of water; for pavements; and for damp-couraea, 
to prevent moisture from rising in walls by capillary attraction. A layer of asphalte {-inch in 
thickness may be considered imj»ervious to moisture, and, therefore, an effectual damp-course. As a 
covering to roofs, it is exposed to variations of temperature, which are destructive to cement and most 
other com jwsit ions, and frequently cause cracks even in lead ; but good asjdmltc, j-inch in thickness, 
firrnlv supported on a thick bed of concrete, will form a substantial water-tight covering through 
all alternations of climate. As a pavement it has the advantage of being free from joints, of 
presenting a very smooth surface, and of being capable of enduring a great amount of wear. A 
good paving of asphalte, j-inch thick, will last longer under heavy traffic than Yorkshire flagging 
3 in. thick. As a covering for underground arches it may not be considered very much superior to 
Portland cement, but it has the advantage of possessing a certain degree of elasticity, which renders 
it less liable to crack upon slight settlements occurring in the brickwork or masonry underneath 
it. One great recommendation for asphalte is, that it is easily repaired ; and thAt the materials 
from old work may be melted and, with a small addition of mineral tar, re-nsed in new work. 

Tho dark colour of asphalte pavements is somewhat to its disadvantage ; and the closeness of its 
texture, and its property of readily condensing on its surface the moisture of a damp atmosphere, 
renders it unsuitable for the floors of inhabited apartments. Its property of becoming soft at a 
high temperature renders it unfit for floors of furnace-rooms, forges, &c., or for any close proximity 
to fires. On the other hand, it is to be observed that, though liable to melt, it never takes fire, 
and that it is, therefore, well adapted for fire-proof construction. 

Asphalte has been used as a cement in the brickwork of tanka, Ac. ; but for such purposes it 
apjtenrs to possess very little, if any, advantage over Portland cement, which is a much cheaper 
material. It has very little adhesion for brick or stone; and, consequently, however superior tho 
asphalte itself may be in regard to strength and impermeability, it does not, in combination, form a 
solid homogeneous mass of masonry. The absence of adhesion also prevents it from being appli- 
cable as a covering or lining to vertical surfaces. 

Good asphalte is not much affected by the ordinary variations of temperature; but still it 
becomes somewhat soft under a summer sun, and is liable to slide down if laid upon a steep 
incline. Asphalte roofs and jiavements should, therefore, be laid nearly horizontal, and when 
steep inclines are unavoidable, they should not be more than aboat two or three feut in width. 
Vertical surfaces above 6 inches in height should lie avoided when practicable; but, with care, 
greater heights may be executed with safety, especially in short lengths. 

The prejmration of asphaltic mastic and mineral tar, as above described, is evidently somewhat 
expensive ; and the carriage of tho material adds greatly to the cost, esjieeially in this country, 
which has no source of supply nearer than the Jura Mountain*. The bitumen is known to lie very 
similar to some cheaper substances, and, among others, to common coal-tar ; and carbonate of liiuo 
of similar quality to that of tho bituminous limestone is easily obtainable in almost every locality. 
There is, therefore, every inducement to endeavour to produce an artificial compound, which may 
supply the place of natural asphalte. The effort to invent such a compound merits approbation, 
and has lieen successfully made by the Metropolitan Asphalte Company. Up to the present time, 
every artificial asphalte nas proved to be a failure in cases where strength was required, or where 
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exposed’to great alternations of temperature. Preparations of coal-tar have been advantageously 
employed iu protecting walls, arches. Ac., from damp, when the artificial asphalt® could be itself 
protected from the weather and the air excluded ; and tar j lavements are extremely cheap, and 
well adapted for many situations. 

ASSAYING. FiV, Essai des JMaux ; Ger., Prohirkunst ; Ital., &tggio dei Meta Hi ; Sr.iK., 
Ensatjo He mettles. 

The term “assaying" is frequently used in the generni sense of chemical analysis; but, strictly, 
it is only applicable to that mode of wininttiiig inotuls from their ores, or gold and si leer from the 
lmser metals, in which no wet reagents, generally speaking, arc employed, and the action of heat 
is called into play. We ahull, in this article, give concise methods for enabling any one to detect 
in commercially valuable minerals and ores those constituents of which they are eoiiqMwd. 

The forms of Wotrpipe generally used for assaying are shown in Figs. 420, 421. They consist of 
a tube made of brass or of german-silver, bent near the end, and terminated with a finely-pointed 
nozzle. The best form of blowpipe is represented in Fig. 422. The tube and mizzle are made of 
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the same material as the common blowpipe, — the point of platinum, and the mouthpiece of horn, 
wood, or ivory. The air-chaiuher A serves to |»artinllv regulate the blast, ami receives the tube 
and nozzle, which are ground to fit accurately, each of these pieces being movable. The i>oiut is 
made of platinum. 

In using the blowpipe, the lips arc pressed against the mouthpiece, and the stem firmly hold ; 
the cheeks are inflated with air, w hich is eX|K*Ued from the mouth through the pipe, by contracting 
the muscles of the cheeks, care Wing taken to inhale only through the nostrils; by this means a 
continuous flame is kept up. 

When a flame is propelled by a current of air blown into or upon it, the flame produce! mav Ikj 
divided into two parts, possessing respectively the projiertiea of reduction and oxidation. Tho 
reducing-flame is produced bv a weak current of air acting upon the flame of a lamp or candle ; 
the carbon contained in the flame is thus brought in contact w ith the snlistauce to be examined, 
which it reduces. Tho oxidizing-flnme is formed bv blowing strongly into the interior of tho 
candle-flamc. Combustion is thus thoroughly effected; and if a small piece of an oxidizable body 
be held at the point of the flame, the former speedily acquiree an intense heat, ami combines freely 
with the oxygen of the surrounding aif. The substance to lie analyzed should, when exposed to tho 
flume of tin* blowpipe, he supported upon some infusible, ami, in many cases, incombustible material. 

When it is required to reduce an oxidized substance, to fuse a body without oxidizing it, or to 
oxidize a l>ody on which the reducing action of carbon alone is unimjxirtunt. that body is placed 
in a small hollow in a piece of charcoal. The best kind of charcoal for this purpose is made from 
closely-grained pinc-wcsd, free from knots, and should be cut by a small, tine saw into convenient 
pieces. 

For holding in the flame substances which would be affected bv charcoal, platinum-wire, 
0 012 in. diameter, is formed into a small book. The hook is heate«l and dipped into borax nr 
microcosmic salt, which adheres to it, forming a small globule in which the substance to be tested 
is placed. Platinum-foil is usid for the same purposes as the wire. Platinum spoons, shaped as 
in Fig. 423, are used for fusing the mineral with reagents, us carl*mate*s of jmtash, and soda, 




hisulphate of j>otash and saltpetre. When the substance can be determined by the colour it gives 
to the blowni|K‘-flaine, it is held in the latter by brass or steel fnrce|w with platinum tijw, Figs. 
424,425. To take up the mineral, the knobs 66, Fig. 424, are pressed, the platinum points u, a 



then open, and close, when required, by their own elasticity. For manipulating in acids, forcejw 
with glass points, Fig. 426, are ua*d. 

Glass tubes of various diameters, in lengths of 5 or 6 in., open at both ends, are used for 
roasting substance* containing sulphur, selenium, arsenic , antimony , and tellurium. These, when 
heated with an access of air, evolve characteristic fumes. They arc generally heated by a spirit- 
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lamp. Rmall test-tubes are also required, in order to detect the presence of water, mercury, or 
other bodies which are volatilized by heat without access of air. 

The reagents most commonly used in assaying are carbonate of soda, borax, ami mlcrooosmic salt. 
The carbonate of soda must l>e anhydrous and perfectly pure. It is chiefly used to reduce metallic 
oxides and sulphides, to decompose silicates, and to determine the fusibility of different substances. 

426 . 



Pure borax is heated below its melting-point to expel its water of crystallization, and is then 
pulverized. In using borax, a small quantity is formed into a bead on the end of a platiuum-wire, 
to this bead is then added a minute quantity of the powdered substance to be examined. The 
whole is then held in the blowpipe- flame, and the following results observed: — whether the borax 
dissolve the substance or not ; the colour of the bead formed in the oxidizing and ns luring flames 
respectively : aud whether the colour of the haul alter when cooling. Only sufficient of the sub- 
stanee should be added to give a colour to the bead ; if this be too intense to be clearly distin- 
guished, more borax may be added. When microeosinic salt, which is a combination of phosphate 
of soda and ammonia, is used, it should be fused upou platinum-foil, to expel the water and excess 
of ammonia contained in it. It is then used upon platinum-wire in the sumo way as bomx. 

The following reagents are required in certain cases:— nitrate of potash, also called saltpetre, 
for oxidizing certain substances by fusing with them either on platinum-foil or in the platinum 
spoon : bisulphate of potash, for eliminating certain volatile matters, as lithio, boracic acid, hydro- 
fluoric arid, bromine, iodine, also for decomposing salts of titanic, tuntalic, or tungstic acids ; nitrate 
of cobalt, chemically pure and in solution, for detecting the presence of alumina, magnesia, oxide 
of zinc, oxide of tin, and titanic acid, which, when moistened with this reagent and strongly 
heated, assume certain characteristic colours; silica, for various purposes ; fluoride of calcium, 
known as fluor-spar, which, mixed with hisulphnte of potash, is usea for ascertaining the presence 
of li thin and boracic acid; oxide of nickel or oxalate of nickel, which latter is a wilt of oxide of 
nickel with oxalic acid, for the detection of potash in large quantity in salts which also contain 
soda and lithiA ; protoxide, black oxide, of copper, for detecting chlorine, bromine, ntid iodine : 
tin-foil, for reducing various metallic oxides dissolved in borax or niicroro&inic wilt (the hot fluid 
is touched on charcoal with a piece of tin-foil, and then strongly heated for aomo seconds under the 
reducing-llnme) ; fine silver, for discovering sulphur aud sulphuric acid. The reagents should bo 
kept in glass-stoppered bottles. 

In addition to the apparatus already described, the following articles are desirable, though, 
with some exceptions, not indispensable ; a steel hammer, a small anvil, a steel crushing-mortar, 
an agate mortar, two or three files, a pair of scissors, a magnet, a pooket-lcus, some porcelain 
capsules, a spirit-lamp, aud a good pocket-knife; blue litmus-paper, turmeric-paper, small quantities 
of strong sulphuric, nitric, and hydrochloric acids, and a few glass rods. 

Methods or Analysis. — In the Text-tube. — The tube being thoroughly dry and clean, a small 
)K)rtion of the pulverized substance under examination is placed in it, ami heated over a spirit-lamp 
until the glass softens ; it must then be noticed whether any vapour or sublimate is collected in 
the upper portion of the tube. This v*|x>ur may be water, mercury, sulphur, selenium, tellurium, 
or arsenic. If the product be liquid, its alkaline or acid reaction should be tested by litmus-paper. 
Organic substances may bo detected by their odour. Quicksilver can be discovered in the sub- 
limate by means of a lens. The sublimate of selenium is reddish brown, of tellurium grey, and 
of arsenic black ; that of the latter being sometimes metallic. If these substances do not appear 
as sublimates, it must not be concluded that they are not present, as they may exist in com- 
binations not readily destroyed by heat alone. Oxygen and ammonia are sometime* evolved ; the 
former may be recognized by introducing an incandescent splinter of wood, which will imme- 
diately burst into a flame; and the latter by its alkaline reaction ii|sm moistened red litmus- 
paper. Often, however, ammonia exists in such a state of combination, that heat alone will not 
disengage it. When any substance is supposed to contain such a combination, it must be mixed 
with caustic soda, or caustic lime, and heated in a clean test-tube, when free ammonia will escape. 

In the Open Tube. — The substance in a state of powder is placed in the tube half an inch from 
one end, and heated by degrees, the tube bciug slightly inclined in order to produce a current of 
nir. The constituents of the substance thus combine with the oxygen of the air, and are vola- 
tilized. Sulphur forms sulphurous acid, which is detected by its pungent smell. Selenium forms 
a steel-grey deposit, and al*o a vapour, characterized by its smell. Arsenic volatilizes as 
arsenious acid, antimony a* antimonious acid, and tellurium ns tellnrous acid, all forming dense 
white fumes. The dejtodt from arsenic is crystalline, from the others amorphous; that from 
tellurous acid forms small beads. The tubes used should be made of difficultly fusible German 
or Bohemian glass. 

On Charcoal. — The action of most substances when heated on charcoal is similar to their action 
in the test-tube. The experimenter should make himself familiar with the incrustations formed 
by differcut substances when heated on charcoal. We will only describe the action of those 
substances which are of practical inqiortauce. 



184 


ASSAYING. 



Digitized by Google 



Digitized by Google 


Reactions or some or the moke common Metallic Oxides, with Borax and with Sticnocosmc Salt, ox Platixvm-'Wir* is both Flames -<- on(mu«/. 


186 


ASSAYING. 


S *3 *S 'S tc ® £ : 

I “I ! : | 8 Is 
i:pefJ 4 i 

■lij s?l. 

iMfJPi 

.5 c x 7 g . 

£ c 5 M ^ &.,£• 

= M'S §« s 

s ? -- 2 -, 

ill Ml*.! 

J5 V fi f T3 i £- 

2*2 «ris d e 5 

l-s § “-1 1 ; 

•** «« SSSJSJa ! 


,® .3 ss *g 2 * 

•a S T *5 ’3i« 

K — S = £ - C 
C c! x g O S * 

v “-<|j5'r g> 

c .3 6 - t = = 

bJj g.= 1 r 
,s is, I! 
rxsfc = s>i^ 

1 £ J “3 E! « 3 
r S 3 « a '— 
I .- 3 S 1 « -5 * 
“c >-r-T >. f ~ -j 

s” “*S S- S3 

If eg • ' J ‘-= 
n t ! 'S a e . = L 

- si ll?1I g> 

fs 


° f SaS 
c e 

£f Si* 

a -g § £ ^ 

IJJjl 

= j o ^,-3 

14-1 i* 

« g -a *2 "3 
3 JS Ss •■S g 

i-= 3 2 -'S 

5 flip 


c:g.s| 

^Pi' 

Ijiii 

B j 3 = i«- 

o 


e±2Hd 
‘= eiiS j 

= I jj 1 

AT i i ; . 

- i r - 3 , 

S 3 S~ S e 

■ -Pll 

2 ir„-o^ & 


Sb-£ ® -5 U 

Ip 2 4 
11,^1 


i ii i 

i ~ 3 tT 


S £ ■■£ "c ^ a ^ . 

g*i *1 tec 

- aij 

,s:i; 

sill 1 


l!.il 
11^ £ 

t a * =- 

3| „-c j 

c 3-"E .5 *p 
£ r- a & 

liiiPiili 


iJiilirllsJl 


§1 ? . 
•3-si . t * 

l! S.9*f ^ 
as sl 
?3l £? = § 

g&pa&ggR 
11.5 , « £ “* 
c 2.^:— Sc # 

•« C*C3 o S 

§=f 2 ~sj-* 

| c t SrS-s'S 

*g a h-r s :p 

£ - 


g J 

« =-s St a 

f |l! § 


tJ >v ®5 « 2 - s» a £ 
p .t 2 9 5 £j q ‘ 2 5 

t 1 '| i-M =5 

I!Hm|; 1 I 

3 -i 4 pi - it 

S-3 6 t<-7 • 

~ > = z - = | 

PsP-1^ 

3 >, © - £f>S tc a u ^ 

8 ? 8 if'ilJ 

„ ^ ; i i = ; p 

^ 3 ^t 5 £ 6^7 &X>£ 


§•“ 3 S 2 ! 

SpsT*-^* 
- - ? 5 E-LaZ V * 


? c -a x 

Sz£Zz 

< 

.i •* o ^^2 1 

~a %i 

S3? | § i 
r * 3 i 

!-.-■= 8 i‘ 

£ S = t J " 

-C Z. *z • 

£ », S ; 

faljl' 

|1 i.lo I 

w 


,1111 

liiii 


c C’ * c *r ■ 

6 j a O » iiO 
!2 fc U5 5ZJZ to 

£s= i T< - 


Digitized by Google 


ASSAYING. 


187 


Arsenic, when heated upon charcoal by the blowpipe-flame, covers the former with a coating, white 
in the centre and grey at the edges, of areenious acid. This coating is immediately volatilized, 
when brought in contact with the flame, and gives off the odour of garlic which characterizes 
arsenic. The vapour evolved is highly poisonous, and should not be inhaled. Metallic arsenic 
dissolves readily in nitric. and hydrochloric acids; in the first case, if bent be applied and an 
excess of acyl used, arsenic acid will be formed ; and in the second, arseniuretted hydrogen, a very 
poisonous gas, is evolved, leaving chloride of arsenic. 

Antimony melts easily, coating the charcoal under both the oxidizing and reducing flames, 
with an incrustation — white where thick, and bluish where thin— of aniimonious acid. Anti- 
litoniuus acid is less volatile than arseuious acid, and tinges the rcducing-flawe blue; but is 
simply melted by the oxidizing-flame. Antimonious acid, when moistened with a solution of 
nitrate of cobalt, and gradually brought to a high temperature in the oxidizing-flame, after 
cooling, presents a dusky green appearance. The best solvent for antimony is aqua regia, 
intro-muriatic acid, which converts it into chloride of antimony. 

Hismuth melts readily, ami e»jats the charcoal, under both flames, with its oxide. The colour of 
this coating resembles that of an orange, and become* paler on cording. The edges of the oxide, 
which have been more exposed t<> the action of the charcoal, become converted into rnrlxmnte of 
bismuth, which is white. By applying either flame the oxide is driven from place to place, being 
first reduced by the charcoal to metallic bismuth, which is volatilized and re-oxiuizod. The 
colour of the flame undergoes no alteration. Bismuth dissolves in nitric acid, from its solution in 
which it may be precipitated as a white sediment by dilution with pure water. 

(fl/iprr. — This metal, when unalloyed, melts easily before the blowpipe. When placed in the 
oxidizing-flame it becomes coated with black oxide of copper, while tin* flame is strongly tinged 
with green. Metallic copper is easily obtained from its oxide in the mlucing-flame, without 
iucrusting the charcoal. Many comi>ouuds of copper may bo reduced to tin* metallic state by 
mixing them with carbonate of wxla, and then heating in the mlucing-flame. Copiier dissolves 
readily in nitric acid, giving off nitrous fumes, and forming a deep azure-bine solution on tho 
addition of ammonia. A ^dished surface of iron or steel, immersed in a solution of copper, soon 
becomes coated with this metal. 

Gold melts easily before the blowpijx*. is not acted on by fluxes, and is soluble in aqua regia. 

Lead fuses readily, covering the charcoal w ith oxide of a dark yellow colour, which become* 
paler ou cooling. Beyond the oxide, carbonate of lead is formed, of a bluish-white colour. The 
oxide, when heated in the oxidizing-flame, acts in the same manner as the oxide of bismuth; but 
in the reducing-flame it volatilizes, tinging the flame blue. Lead readily dissolves in nitric acid; 
and its oxide, litharge, is soluble even in vinegar. 

Platinum. — Infusible, not affected by borax or minrocosmic salt, except in a state of fine dust, 
when reactions for iron or copper, which occur in small quantities, as impurities, take place. It is 
soluble only in boiling aqua regia. 

Silver, when fused alone upon charcoal, covers it with a thin coating of dark brown oxide. If 
lead be present, it first forms a yellow oxide; then, as the silver become* purer, the silver forms a 
dark red deposit beyond. Antimony, when pre sent, forms a white crust of antimonious acid, which, 
on further exposure to the heat, becomes ml on the exterior. If antimony and lead are simul- 
taneously present in the silver, a crimson incrustation form* upon the charcoal after the former 
metals have been volatilized. Kich silver ores sometimes produce the same result, when fused upon 
charcoal. Silver dissolves readily in nitric acid, and may be re-deposited by a plate of copper. 

Tin melts readily, and oxidizes in the inner flame. The melted metal, when exposed to the 
rcduring-flanie, becomes covered, as well as the charcoal, w ith oxide, which is pale yellow while 
hot, ami becomes white when cool. This oxide cannot be reduced by either flame. The best 
solvent for tin is hydrochloric acid; nitric acid oxidizes this metal, but has no effect upon its oxide. 

Zinc melts with facility, and burns with a bright greenish-white flame in the oxidizing-flame. 
The product of this combustion is oxide of zinc, evolved in dense white fumes, which coat tho 
charcoal. This coating, while hot, is yellow, and turns white ou cooling; it shines brilliantly 
when heated with the oxidizing-flame, but cannot be volatilized. The mlucing-flame volatilizes 
it but slowly. Zinc is readily soluble in dilute sulphuric acid, hydrogen being evolved, and 
sulphate of zinc formed. 

In Platinum Forceps . — If the substance to l>e examined doe* not attack platiuum, a small frag- 
ment held in the forceps is exposed to the oxidizing-flame; if its artioa uj*»n platinum is feared, 
it should be placed upon charcoal or refractory porcelain. In this method of examination the 
substance is recognized by the colour it inqarts to the flame. The following are a few substances 
of frequent occurrence classified according to the colours which they give to the blowpipe-flame: — 


Blue FUmr. 

Grain Flame. 

Red Flame. Violet FUnx*. 

Arsenic 
Antimony .. 
Bromide of \ 
copper j 
Chloride of \ 

l ssr ’ 

Selenium .. 

light, 
greenish, 
mixed with 
green. 

intense. 

pale, clear, 
azure. 

Copper .. emerald. 
Baryta pale. 

Borocie acid dark. 
Ammonia., very dark. 
Iron .. .. dark. 

Iodide of 1 intense 
copper / emerald. 

>»-■ 

Zino .. .. very pale. 

lime .. purplish. j I’otash .. clear. 

Lithin .. crimson. 

Stroutia.. dark crimson. 

. 
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Wi'<A Borax. — As this method serves to distinguish metallic oxides, all substances containing 
unoxidized metals must lie previously roasted, in order to convert them into oxidua. The same 
treatment is necessary when micrucosmic salt is substituted for borax. 

W7M Carbonate of Soda. — The substance to Ik* analyzed is powderad and mode into a paste with 
carlxmnte of soda and water. A small portion of the paste is then gradually heated upon the 
charcoal until the temperature is as high os possible. Three reactions may then tuke ulace: either 
the substance will fuse with effervescence, it will be reduced, or the alkali will be absorbed into 
the charcoal, leaving the substance on the surface unchanged. Hilica, titanic and tuugstic acids 
fuse with effervescence. 

The oxides of gold, silver, tungsten, antimony, arsenic, copper, mercury, bismuth, tin, lead, 
zinc, iron, nickel, and cobalt, when mixed with carbonate of soda and heated upon the charcoal in 
the redueing-flame, are reduced. Lead, zinc, antimony. And bismuth, volatilize partially, forming 
incrustations on the charcoal. Mercury and arsenic arc volatilized as soon as reduced, leaving no 
marks u}k>ti the charcoal. 

That part of the charcoal upon which the assay has rested must be pulverized in a mortar, 
when anv metal which may be contained in it will be found iu the form of a shini'tg metallic 
powder, if brittle, or flakes, if malleable. 

Sulphur may be detected by heating the substance with double its weight of carbonate of soda, 
upon charcoal, in the redueing-fhune. The assay and that portion of the charccw ' which has 
absorbed any alkali are jiowdered and placed ujsm a moistened surface of polished silt or, which, if 
sulphur lie present, receives a black stain. 

Manganese is detected by fusing the substance with carbonate of wxla and nitre, upon platinum, 
in the oxidizing-thuno. The bead thus formed is of a turquoise colour when cool. 

lit order to detect quantities of phosphorus bio minute to give any reaction in the blowpipe- 
flame, part <if the substance is pulverized with five times its bulk of a mixture of 3 parts carbonate 
of soda, 1 nitrate of potash, and 1 silica, and the whole fused in a platinum spoon or crucible. The 
resulting mass is mixed with water, filtered, and a few drops of carbonate of ammonia added ; thu 
silica is precipitated by boiling, and removed by filtration. A small quantity of acetic acid is then 
added to the filtrate, which is boiled to expel the carbonic acid, and to which pure nitrate of silver 
is added. If phosphorus or phosphoric acid be present, a yellow precipitate ap]>ean<: if, on thu 
contrary, the solution contain arsenic, or any compound of that metal, the precipitate is of a reddish- 
brown colour. 

A*Piy of Furl. — To estimate approximately the amnnnt of carbon in any particular fuel, a 
portion of the fuel should be dried, weighed, and heated in a platinum crucible until further 
increase of temperature causes no reduction in weight. The difference between the weight of the 
remaining ashes and that of the substance previous to heating gives the desired result. 

Assay of Gold ami Silver. — In assaying gold, the metal is wrapped, with three times its weight of 
fine silver and twelve turn** its weight of pure had, in a piece of thin paper, und melted in abono- 
ash cupel. Fig. 427. This cupel is either heated in a muffle, 
shown at m, Fig. 423, or by the oxidizing-flame of a blowpipe. 

The lead and copper become oxidized, the fused oxide of lead 
dissolves that of the copper, and both arc absorbed by the cu|h‘1, 
leaving the gold and silver combined in the form of a button. 

This button should lie rolled into a thin plate and boiled with 
nitric acid, spec. grav. 1*18, which extracts the greater part of 
the silver. The remainder is then washed with pure water, and 
boiled in nitric acid, spec. grav. 1 *28, to extract the last traces 
of silver; after which it is washed, heated to redness in a 
crucible, and weighed. 

The assay of silver is generally conducted by the wet process, 
and is hosed on the fact that chloride of silver is an iusoluhlo 
salt, and that a solution of common salt can be made of such a 
strength as to precipitate a certnin weight of pure silver from a 
solution of that metal in nitric acid. 

Lead may be extracted from galena, its sulphide, and its most 
common ore, by mixing 800 grains of galena with 450 grains of 
dried carbonate of soda and 20 grains of charcoal, and placing it 
in a crucible with two large iron nails, heads downwards. This 
crucible is covered, and heated moderately for half-an-hour. The 
remainder of the nails is carefully removed from the liquid mass, 
whieh is then allowed to cool, the crucible broken, and the lead 
extracted anil weighed. 

To ascertain if it contains silver, the button is placed in a 
small hone-ash cupel, heated in a muffle, until the whole of the 
lead is oxidized and absorbed by the bone-osh the cupel is made 
of, leaving the minute globule of silver. Small globules of lead 
may be conveniently cupelled on charcoal before the blowpipe, 
by pressing some bone-ash into a cavity scooped in the charcoal, 
placing the lend upon its surface, and excising it to a good 
oxidizing-flame as long as it decreases in Bize. If any copper 
be present, the bone-ash will show a green stain after cooling. 

Pure lead gives a yellow stain. In the above process the sulphur 
of the lead ore, galena, is removed partly by the sodium of the carbonate of soda, and partly by 
the iron of the nails, the excess of carbonate of soda serving to flux any silica with which the 
galena may be mixed. (See Articles on the various Metals.) 
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FTurfo relating to Assaying: — Berthicr, ‘Traite dots Essaia par 1ft voio stVhe/ 2 vols., 8 vo, Paris, 
1818. ‘ Records of Mining and Metallurgy,* br J. Arthur Phillips and John Darlington, crown 
8vo, 1857. Schecrer anil Hlandfortl, 4 An Introduction to the Use of the Mouth Blow-pipe,* 12iuo, 
186-4. J. Silversmith's * Handbook for Minora, Metallurgists, and Awaycre,' 12mo, Now York, 1866. 
G. Kura tel, ‘Nevada and California Processes of Gold and Silver Extraction,' 8vo, Han Francisco, 
1866. B. Kerl, ‘ Metallurgische Probirkunst/ royal 8vo, Leipzig. 1866. J. Arthur Phillips, 
‘ Mining and Metallurgy of Gold and Silver/ royal 8vo, 1867. Mitchell's ‘ Manual of Practical 
Assaying/ 3rd edition, 8vo, 1808. 

ATOM. Fr., Atotne ; Geb., Atom ; Ital., Atrnno ; Spajt., Atomn. 

Bodies are not composed of one continuous substance, but — as is evidenced by their porosity 
and their faculty of increasing or diminishing their volume under certain influences, and even of 
changing their actual state — they are formed of an aggregation of small particles, called molecules, 
placed at specific distances from each other, and maintained in equilibrium by the powers of 
attraction and repulsiou which they reciprocally exercise. 

These molecules, however, are not the final limit of subdivision of which matter is susceptible. 
By bringing other forces into play, it is possible, in most cases, to divide them into yet smaller 
masses. 

It is to these last that the name of atom has been given. 

We have said “in most cases" because there arc some exceptional ones when the molecule is 
not divisible. 

The bodies to which they appertain are then said to have an atom and a molecule that are 
homologous. 

By knowing the atomic weights of all the simple bodies, and the molecular weights of either 
the elements or the compounds which they form, we arrive at far more correct notions regarding 
the constitution of bodies, than by trusting solely to the rough fact of equivalents. See Molecule. 

How the first of these are attainable will he showu in the next article. 

ATOMIC WEIGHTS. Fb., Poids atomigues ; Gnu.. Atomgetcicht ; Ital., Pesi atomichi; Span., 
Pesos atvmicos. 

Higgins and Dalton were the first to think of explaining chemical combinations by the hypo- 
thetical juxtaposition of atoms. Dalton argued that, those atoms being ins<H'ahle, the various 
quantities of a body A, which unite with an invariable quantity of another body B, must bear to 
each other ratios that are rational and commensurable. From this atomical hypothesis he then 
deduced, a priori, the law of multiple proportions, which, after receiving the sanction of experience, 
has become one of its most solid foundations. 

The atomical theory affords a satisfactory explanation of equivalents, that is to gay, of the fact 
that bodies enter into combinations in quantities bearing the same ratio, though they vary between 
themselves. 

For example, let us suppose the weight of one atom of potassium to be 39 times greater than 
that of one atom of hydrogen, and that one atom of the one or the other of those bodies to one atom 
of chlorine is required in order to form a definite combination. As the weight of the atom of 
chlorine remains the same in both rases, it is evident that, to saturate it, it will take 33 times 
the weight of potassium that would be required of hydrogen. Moreover, as these projiortions 
cannot alter, although, instead of two atoms, an indefinite number enter into combination, the 
result is, in general, that to saturate any given quantity of chlorine, it will take 39 times more 
potassium than hydrogen. This is wlmt is meant when we say that the relative equivalent of 

C iNsiiim to that of hydrogen, taken as unity, is 39. In the atomical theory, the equivalents of 
ies thus become the weight of their atom com)>arcd to the weight of an atom of hydrogen taken 
as unity, and are known under the name of Atomic Weights. 

The notion of atomic weight carries with it, however, something moro precise than that of 
equivalent. It is another ratio, but one more fully determined. 

For instance, let us suppose an atom of oxygen to play the same part as an atom of hydrogen, 
that the two bodies, in short, may be substituted the one for the other, and atom for atom ; os 
experiment proves that 8 parts, in weight, of oxygen go to 1 of hydrogen, we are bound to conclude 
that the atom of oxygen weighs 8 times heavier than that of hydrogen ; — that the atomic weight 
of oxygen is 8. 

Mo will now assume that it takes 2 atoms of hydrogen to replace one of oxvgen. As one of 
hydrogen is replaced by 8 of oxygeu, 2 of hydrogen will require 16 of oxygen ; this will lead us to 
the admission that the atom of oxygen weighs 16 tunes heavier than that of hydrogen ; — that tbo 
atomic weight of oxygen is 16. 

It thence follows that — according as the atom of oxygen is substituted for 1 or for 2 atoms of 
hydrogen— the atomic weight of the* first of those two bodies is 8 or 16 ; whereas the equivalent— 
which only represents a simple relation of weight, irrespective of atoms — remains always equal 
to 8. 

It is necessary to bear in mind that the numbers whereby the atoms of tho different bodies are 
expressed have reference solely to their relative weights — not to their bulks, which are supposed 
to be equal in all eases. 

Another important distinction to which we must call attention iB this, that compound Mies can 
hare no atomic weight : they have only a molecular weight. 

Simple bodies have both a molecular weight and an atomic weight. 

Theso two weights may be used indiscriminately in special cases when tho moleculo contains 
only one atom. 

Two methods are commonly used to determine atomic weights : the one is founded on the fact 
that an atom is the smallest portion of a body which can exercise a reaction, tho other is based 
upon the different specific beats. Both these methods are indisputable, as they cannot bo always 
used indiscriminately. 
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First Method . — In Older to determine the atomic weight of a simple hotly, it is necessary, in the 
first place, to know the molecular weights of that body in a free or uncombined state, and of all 
— or, at least, the greater number of the compounds which it forms : it is, moreover, requisite to 
ascertain the relative quantities which enter into the composition of these latter. Wo then choose, 
as tho weight of the atom, the largest number Hint will exactly divide the weights of that body 
contained either in its free molecule or in that of its various compounds. For, in fact, a single 
molecule must contain a whole number of atoms, since those are indivisible ; therefore, tho weight 
of any number of atoms is necessarily always capable of being divided by that of a single atom. 

One example will suffice to make this clearly understood. In comparing the weights of equal 
volumes of free hjrdrogen, hydrochloric ncid, hydrobromic acid, hydriodio acid, hydrocyanic acid, 
hydrosulphuric acid, hydraaelenio acid, hydrotoll uric aci<l, ammonia, and so on, we find that 
tho molecular weights of these different bodies, as compared with that of the molecular weight of 
hydrogen, taken as unity (and not with that of its atom, which we still suppose to be unknown), 
are as follows 


Xamca of Bodies. 

Weight* of 
Molecule* com- 
pared with the 
Weight of * 
Molecule of 
Hydrogen - 1. 

QcAjrrtTATTV* Coy memos or the Mouccle. 

Amount of 
Hydrogen in 
a Molecule. 

Quantities of; 

Pure hydrogen 

1 

1 

0 

other bodice. 

Hydrochloric acid 

18-25 

* 

17-75 

chlorine. 

Hydrobromic acid 

40-50 

i 

40 

bromine. 

Hydriodio acid 

04-00 

i 

03-5 

iodine. 

Hydrocyanic acid 

13-5 

4 

13 

carbon and nitrogen combined. 

W»U-r 

9 

I 

« 

oxygen. 

Hydrosulphuric acid 

17 

1 

16 

sulphur. 

Hydroselenic acid 

40-75 

1 

39-75 

selenium. 

Hydmtelluric acid .. 

65-5 

1 

64-5 

tellurium. 

Formic acid 

23 

1 

22 

carbon and oxygen combined. 

Ammonia 

8-5 

t 

7 

nitrogen. 

Phnsphoretted hydrogen .. 

17 

1 

15-5 

phosphorus. 

Arseniuretted hydrogen .. 

89 

i 

37-5 

arsenic. 

Acetic acid 

30 

2 

28 

carbon and oxygen combined. 

Ethylene 

H 

2 

12 

carbon. 

Propionic acid 

37 

3 

34 

carbon and oxygen combined. 

Alcohol 

23 

3 

20 


Ether 

37 

5 

32 

» 


From this Table it will be soon that tho greatest common divisor of the numbers, 1, 2, 3, 5, 

which express the weights of hydrogen contained in the molecules of the different bodies, is § ; 
therefore } represents the atomic weight of hydrogen. All the weights in the foregoing Table 
refer to the molecule of hydrogen. If, however, we take as unity the weight of this atom instead 
of that of the molecule, tho numbers would be doubled, as follows: — 


Name* of Bodies. 

Molecular 
Weigh ta com- 
pared with the 
Weight of One 
Atom of 
Hydrogeii. 

QCASTfTATITB OctVrOHTOK 07 THE MOLKCVLB. 
Amount of 

Hydrogen in Quantities of: 

a Molecule. 

Pure hydrogen 

2 

2 

0 

other bodies. 

Hydrochloric acid 

36-5 

1 

35-5 chlorine. 

Hydrobromic acid .. 

81 

i 

HO 

bromine. 

Hydriodio acid 

128 

1 

127 

iodine. 

Hydrocyanic acid 

27 

1 

2G 

cyanogen. 

Water 

IS 

2 

16 

oxygen. 

Hydrosulphuric acid 

34 

2 

32 

sulphur. 

Hydroselenic acid 

81 -5 

2 

79-5 selenium. 

Hydrotelluric acid .. 

131 

2 

129 

tellurium. 

Formic acid 

46 

2 

44 

carbon and oxygen. 

Ammonia 

17 

3 

14 

nitrogen. 

Phosphoretted hydrogen .. 

34 

3 

31 

phosphorus. 

Arseniuretted hydrogen . . 

78 

3 

75 

arsenic. 

Acetic acid 

GO 

4 

58 

carbon and oxygen. 

Ethylene 

28 

4 

24 

carbon. 

Propionic acid 

74 

G 

68 

carbon and oxygen combined. 

Alcohol 

46 

G 

40 

carbon and oxvgen. 

Ether 

74 

10 

64 

" 


And 1, being tho greatest common divisor, would be the true atomic weight of hydrogen. 

In tho some manner, wc can determine the atomic weights of other simple bodies ; for instance. 
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nitrogen. For thia purpose we must first examine the molecular weights and compositions of tho 
different volatile compounds of nitrogen, as protoxide and binoxide of nitrogen, hyponitrous acid, 
hydrous and anhydrous uitric acid and ammonia; we can then form the following Table : — 



Weight of 
Molrculr o»in>- 

Amount 


N stars of Belies. 

(MUf-1 with 
an Atom of 

of 

Nitrogen. 

Amount of: 

-- ... . 

Hydrogen = 1. 


Protoxide of nitrogen 

44 

28 

16 oxygen. 

Binoxide of nitrogen 

30 

14 

16 „ 

Hvpouitrous acid 

46 

44 

S -i ., 

Hydrated nitric acid 

63 

14 

43 „ and hydrogen combined. 

Anhydrous nitric acid 

108 

28 

*0 

Ammonia 

Nitrogen 

17 

28 

14 

28 

3 hydrogen. 

0 other bodies. 


14, being the greatest common divisor of tho numbers 14 and 28, becomes tho atomic weight 
of nitrogen, and will remain so unless a new combination of that bodv bo discovered, the molecule 
of which shall contain a quantity of that metalloid equal to a submultiple of 14. 


StvonJ Method . — This method is due to l)uIong and Petit. The atomic weights of several Indies 
being already known, those savants found that the same amount of heat is always requisite in 
order to raise by 1 degree the weights of various simple Is sites proportional to their atomic 
weights. Thus, to increase by 1 degree 25 grammes of sodium, 82 grammes of sulphur^ 1 18 grammes 
of tin, 31 grammes of phosphorus, &c., one same quantity of heat is required, which, for the pre- 
sent, wo will represent by the letter P. 

P raises 23 grammes of sodium 1 degree. It is evident, then, that to raise 1 gramme— that is, 

p 

23 times leas of that element — also 1 degree, 23 times less heat will be required, or — . Therefore, 
^ represents the calorific capacity of sodium. 


In a like manner it will bo found that the calorific cajweity of sulphur is 

» , P 

and that of phosphorus — • 


32’ 


that of tin 


118, 


It will lie scon that the specific heats decrease when the atomic weights increase, and that in 
the same ratio; so that the atomic weights being I, 2, 4, 8, 16, &c., the specific heats will bo 

i* I* 4» An * r - 

We are taught by arithmetic that if the two factors of a multiplication be so modified that the 
one becomes 2, 3, 4, 5 times less while the other becomes 2, 3, 4, 5 times greater, the {induct is 
invariable. We must, therefore, always obtain sensibly the same number when we multiply the 
specific heats of various bodies by their atomic weights. 

P X 23 

Thus, the product of the atomic weight of sodium by its specific heat is — = P. Tho 

P x 32 

product of the atomic weight of sulphur by its specific heat is — = P. The constant 

number T has been numerically determined, and is sensibly equal to 6 "666. 

If it be required to find the atomic weight of a simple Udy, its specific heat must be ascer- 
tained. Let C represent the heat, and x its unknown atomic weight, wc have: C x x = 6 666; 


whence wo durive x = — yt~ • The atomic weight is found, therefore, by dividing the numWr 

6*666 by the specific heat derived from experiment. 

Dulong and Petit hnve enunciated this law by saying that the sjiecifie heats arc inversely 
proportional to the atomic weights. 

To enable the use of this method, it is necessary that the bodies whose specific heat we wish 
to ascertain, exist under similar conditions. Thus the specific heat of gases cannot be used to 
determine their atomic weights. But, in thia case, the desired result is arrived at in a different 
manner. 

M. Vcestyn discovered that, in compound Indies, each atom retains its specific heat. If the 
molecule of a compound body contains 2, 3, 4 simple atoms, the product of its specific heat by its 
molecular weight will lie 2, 3, 4 times the constant number 6 - C6C. 

Ho that, supposing that the atomic weight of a gas lie required, it must be made to enter into such 
a combination as will assume the solid state, and of which the specific heat must lie ascertain'd. 
By multiplying the number representing that calorific capacity by the molecular weight of tho 
compound, and dividing the product by 6 666, the quotient gives the number of atoms of which 
the molecule is composed. The analysis of tho compouud being made, and the atomic weight of 
one of its elements known, the atomic weight of the other can be readily deducted. 

I >‘t us assume, as an example, that it is sought by this process to find the atomio weight of 
oxygen : we combine it with hydrogen, and then determine the specific heat of the water thus 
formed, or rather, we know that it is equal to 1, since the specifio heat of water has been taken as 
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Finally, those formula) represent likewise the centesimal composition of bodies. Knowing the 
quantity of the various elements contained in a certain weight of the compound— that of its 
molecule, wo arrive, by means of a simple proportion, at the knowledge of its centesimal 
composition. 

For example, supposing that wo wish to find the centesimal composition of acetic acid ; wo 
deduce from its formula, tP H* O-, in the first place, that the molecule of this acid weighs 60, and 
that it contains 


2 atoms = 24 of carbon, 

4 atoms = 4 of hydrogen, 
and 2 atoms = 32 of oxygen. 


We next lay down the three proportions : — 

24 x 100 

1st. GO : 24 :: 100 I x, where x = — — — 

, 4 x 100 

2nd. CO I 4 I I 100 I x, where x = — — — 

«o y 1 Art 

3rd. GO : 32 : : 100 : X, where x = • * 

* 60 


24 x K> 
6 

4 x 10 
6 

32 x 10 
6 


= 40. 

= 6 * 666 . 
= 53 333. 


-We now know in what manner, by the aid of a formula, it is possible to learn the quantitative 
and qualitative composition, as well as the molecular weight, of the compound which it represents. 
It remains to be seen how, with a given body, the formula is to be established ; it is the other side 
of the problem. 

To establish the formula of a compound body, we first of all ascertain by analysis its centesimal 
composition : then we determine its molecular weight. Our next step is, by a series of proportions, 
to find out the composition of a certain weight of that substance known to represent its molecular 
weight. After which we divide the quantities of its several elements by their atomic weights: 
the quotient shows how nmny atoms there are of each. Finally, we only have to write down, side 
by side, the symbols expressing the different atoms, beginning with the most electro-positive, and 
to surmount those symbols by An exponent indicating the number of the atoms. 

Let us apply this rule to an example, and supjKw- that it be required to establish the formula 
for propionic acid. We analyze the acid, and we find that it contains 48*643 ceutesimals of carbon, 
43*243 of oxygen, and 8*108 of hydrogen. 

We next look for its molecular weight, and find it equal to 74. Having done that, wo lay down 
the three proportions : — 


1st. 100 : 48*648 II 74 I x, where x = 35*909, or nearly 36. 

2nd. 100 I 43*243 II 74 ; x, where x = 31*999, or nearly 82. 

3rd. 100 I 8*108 II 74 I x, where x = 5*999, or nearly 6. 


So that one moleculo of propionic acid weighs 74, and contains 36 of carbon, 32 of oxygen, and 6 of 
hydrogen. 

The weight of one atom of carl>on is 12 ; if, then, we divide the weight of that body contained 
in one moleculo of propionic acid, that is 36, by 12, wo shall have tho number of its atoms ,* and, as 
36 

— = 3, wo conclude that it contains 3 atoms of carbon. 


In like manner, tho weight of one atom of oxygen being 16, we divido tho weight of oxygen 

32 

contained in the moleculo by that number ; that is, ~ = 2 : therefore, propionic acid contains 2 
atoms of oxygen. 

Finally, one atom of hydrogen weighs 1, and as there aro 6 of hydrogen, and y = 6, we conclude 

that propionic acid contains 6 atoms of that element. 

Hence the formula for propionic acid is (r 3 U‘ 0 1 . 

It is sometimes necessary to indicate that a certain number of molecules of a same body take 
part in a reaction. It is then customary to place at the left of the formula a coefficient, to express 
that number. Thus, to signify 8 molecules of propionic acid, we write 3 0* H* O 2 . 

lastly, in order to render an exact account of the reactions, it is tho practice to represent them 
by means of equations. In these equations the first side contains tho formula* of the different 
bodies entering into reaction, preceded by a coefficient indicating how manv molecules react ; and 
the second side, which is separated from the first by the sign - , contain* the formula* of the pro- 
ducts formed by the reaction. As nothing is lost during chemical action, it is clear that the 
second side of the equation must contain strictly all the atoms that existed in tho first, only 
differently grouped. 

To give an example of a chemical equation, we will represent the reaction which gives rise to 
chloride of potassium, K C I, by means of hydrochloric acid, H C I, and of potassium KH6. 


KHG + HCI = KCI + H 5 0. 

rotas- H T Jrc >- Clilortde 


caloric 

•cid. 


of Water. 

potM»ium. 


The atom of potassium, the two atoms of hydrogen, the atom of oxygen, and the atom of chlorine 
that compose tho first side, are all found in the second side, but grouped in a different way. 

o 
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and coupling-reds. Figs. 536, 537, show a “ box-shaker,** consisting of a set of boxes F F, core red 
with perforated sheet iron, or with sloping strips of thin hoop-iron, as shown dotted ; the boxes 


636 . 





are carried at one end by radius-links G, and the other ends are attached to double cranks on the 
shaft H, which give the alternating movement, the boxes thus rising and falling to receive or 
deliver the strew the one to the other, and the rotary motion of the cranks also carrying it forwards, 
as in the former case. 

An improvement upon these two methods is shown in Figs. 538, 539. The great fault of the 
rail-shaker consists in its passing so many straws through ; while the objection to the box-shaker 



the crank lieing reduced at that point, and becoming only a horizontal or longitudinal motion at the 
end. To obviate these defects, the new shaker. Figs. 538. 589. was invented by James Good. The 
principle on which this is constructed differs from that of the ordinary box-slmker, Figs. 536, 537, 
m this respect, that while the latter has the crank-bearings at the same end for all the boxes and 
the radius-links G at the other end, in Good’s shaker the boxes are supported by the links 
alternately at opposite ends, the crank-shaft H being thus between the links G ; or, in other words, 
the crank-shaft II may be said to be moved to the middle of the length of the boxes, and half of 
the boxes to be then turned round end for end. Thus, while the ends that are attached to the 
links close to the dram rise only so much as is doe to the vibration of the rocking-links, the ends 
of the other boxes have a considerable lift imparted to them from the crank ; in the centre of the 
length of the boxes, just over the crank-shaft H. the lift and tlirow are the same as in the most 
effective part of the old shaker ; and again at the outer end the straw is hissed by the loose ends 
of the boxes, while only a passing or horizontal motion is given by the others. This is known as 
the u croas-shaker,” owing to the ooxes moving crosswise, or alternately up and down. 

There is another shaker, invented by T. and H. Brinsmeod, the features of which are different 
from those of every other. Immediately over an inclined plane of wood, and sufficiently above it 
to allow them to revolve without touching it, are placed transversely, and therefore horizontally, 
a series of triangular prisms of wood, armed at their edges with curved iron teeth, so arranged that, 
as the prisms revolve, the teeth of each pass between those of the two adjoining prisms. The 
prisms being made all to revolve simultaneously in one direction, either by cranks on the ends 
of the spindles coupled together by one rod, or by a train of wheels, the straw which falls on 
those at the lower end of the phine is towed and carried upwards by the action of the teeth as they 
rise, which also, as they pass down again between the teeth of the prism next above, deliver the 
straw on to these last, and sweep down to the bottom of the plane the corn and any short straw 
that has fallen through. At the bottom of the plane is a curved wire-netting, through which 
the corn readily passes, but which stops the passage of any straw ; and the revolving teeth of the 
lowest prism rake up the straw again as it accumulates, and toss it upwards ana onwards as 
at first. 

In the shaker shown in Fig. 522 there are five boxes, two working on links at the end of the 
machine, and the three alternate boxes vibrating on links at the end nearest the drum ; the inner 
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end* of the latter are prolonged, to allow for the throw of the crank, and are attached by mean* of an 
angle-iron to a cross-bar Z, extending across the machine, and carried by two links outside the 
framing, one on each side, as shown dotted, thus avoiding any links inside the machine. 

The shogging-bnard H and the riddle-board K. Fig. 522, were originally in one length : and 
the vibration then caused by this single piece moving l»ackwanls and forward* impeded the intro- 
duction of portable machines. They were, however, afterwards parted into two lengths, and in 
the present machine the motion of the two board* in opposite direction* neutralize* the disturbing 
effect of the reciprocating weight of both. 

The elevator S, Fig*. 523, 525, has been already described in a form generally in use. 
Another kind of elevator also in use is formed of sheet iron bent round a spindle in a spiral form, 
working in a trough curved to the radius of the outside of the worm, and touching it, thus 
winding the corn, Ac., that fall* into the trough, by means of the worm, up the spout : but as it must 
necessarily be kept at only a slight inclination, this elevator is not so geueral in its application as 
that previously described, nor nearly so cheap in construction. 

From the spout W, Figs. 523, 524, tho grain is delivered into the hopper X of the eorn- 
d reusing machine, and thence into the barley-homer Y, which is shown more fully in Figs. 540 to 
543. It is here subjected to tho action of a number of knives fixed on a spindle, which loosen tho 


640. S4L 




huaks or whites of the wheat ami cut the cars or horns off the barley. Independently of 
the inclined position of the barley-horner, tho grain is kept in motion by the “set” of tho knives, 
which are in a spiral form. Motion i* given to the spindlo by a pulley fixed on the end. 

The grain and loose ears pass from the barley-homer into the mouth B of the dressing machine, 
and are met in their descent by a current of air from the fan or blower P, which clears the grain 
of all chaff and ears that may have been left in it; the grain falling upon the inclined board M is 
conducted to the riddle K, which is carried upon the links A A, Fig. 523, and has motion com- 
municated to it by the crank at the end of the spindle C. Any stones or ears that may have got 
in are here taken out, and pass over the riddle K into the spout I), whence they are conducted 
into the delivery -spout E. Tho grain, on falling through the riddle, is caught by a fine wire-sieve 
O, through which all small seeds pass, ami are carried also to the spout E. The grain passing 
over thi* sieve, is swept by a current of air taken from the back of the blower I* by the passage F, 
by which it is effectually cleaned of any lighter aeods that may be too large to mss through the 
sieve, and also of any chaff that may have been loosened from the grain by the riddling. The !>oard 
G carries the grain to the mouth of the revolving sieve or screen H, which receives a rotary motion 
from the wheels J. The small imperfect com, or “light" com, falls through the first meshes into 
the spout L ; the mesh, being then altered and widened, allows the broken com and a larger size, 
or “ tail ” com, to fall through into the sjwut N ; while nothing but the best com can find its way 
to the spout Q. A simple apparatus is here fixed, consisting of a weighing machine with rods and 
bell-cranks, so arranged a* to shut off the delivery and ring a bell when the scale falls. A bushel 
of com weighs <J0 lbs. ; four bushels make a sack ; and the weight of the sack itself being 7 lbs., 
247 lbs. is therefore the weight to be put in tho scale : the empty sack is held open to the spout Q 
by means of rods fixed on this scale of tho machine. When the four bushels of com are delivered, 
the scale falls, loosing tho catch of the slide, which immediately shuts, and allows a bell that has 
hitherto rested upon the top of it to swing clear, and ring, thus calling the attendant to put a fresh 
sack on and reopen the sliue. 

The whole process, from tho time when the com in the straw is fed to the threshing machine. 
Fig. 522, to the time when tho grain, dressed and sorted for market, ia sacked in half-quarter quan- 
tities from the spout Q, Fig. 524, is thus entirely self-acting ; and in this time the following separa- 
tions are made : -straw, cavings, chaff, seeds, light com, tail-corn, best com ; besides dust, which 
must inevitably be mixed up with the straw at first, and which is blown away in the process, 

Q 2 
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The portable threshing machine is now so arranged as to combine the dressing and separating 
process with the threshing and winnowing in one machine. 

The riddle-boards K and O, Fig. 522, are divided longitudinally and vertically into two parts, 
as is also the blower or fan P, thus forming tw’o distinct sots of blowers and riddles. The com 
passing through the first set, arrives at the spout R. as before described, from which it is taken up 
by elevators, and passed into the hopper of a barley-homer Y, placed under the dickey A of 
the portable machine. It is thus (Missed to the other side of the machine, where it falls down in 
front of tho second half of the divided blower, corresponding to the blower P in Fig. 524, upon 
the new or second set of riddlcR, corresponding to the riddles K and O in tho same figure, down to a 
second spout corresponding to the spout R on the other side of the machine. It is here again taken 
up by another set of elevators, and discharged ink) the hopper B of tho separator, Figs. 544, 545, 
iing through the revolving screen H, and being delivered as before, the light com by the spout 


In this separator a blower I* is fixed, either above the machine and screen-case H, to blow all 
chaff and seeds out before passing into tho screen, as in Fig. 544, or at the end, as in Fig. 545. In 

544. sis. 


the latter plan, shown in Fig. 515, the com is subjected to the action of the blast while on tho 
screen and in falling from it. The arrangement, however, shown in Fig. 544, introduced by 
Clayton, Shuttleworth, and Co- is found to be an improvement, and has been adopted in place of 
the other arrangement. The plan first tried was to blow up the screen ; then under ; then up and 


under; but in the last plan the chaff and light com are blown out before reaching the revolving- 
screen H, consequently power is saved ; awl experience shows that a better sample is obtained by 
this arrangement. In noth the plans, shown in Figs. 544 and 545, brushes ZZ are fixed above 
tho revolving screens H to keep the wires clear. Tho 546 

separating apparatus is fixed on the side of the portable ’ 

threshing machine, and the grain is delivered in tne same 0 _ 

separations as enumerated previously. FV\ a / A o — Q 

The action of threshing is still supposed by many to _ c \*x 

be a continuous series of blows ; by otliers to consist of ti 

rubbing lietween tho beaters and the surface of the breast- yf j , f ' v .a 

work; and by others, again, to be the combination of the [ -rr 1 1*4 

two actions. o I • D ' 

In the present machines in this country the straw is fed ^ p 

across the drum, so as to allow the drum to “ boult" it, or *■ — 

carry it through without twisting or breaking tho straw, Hp . . i t t 

which is with many farmers a serious consideration. In the y y<'; '3 fe a - •, ..y V( 

old and in the present American machines, the straw is d T'*] -j* | N - 'J |\/ 

broken up by means of pegs on the drum and breastwork ; A t — T ro- 

but as tho Royal Agricultural Society take notice of the |[ jw v 

state of the straw, whether it is broken or not, it Las become » I “j 

an otvject to preserve it. * 

^ ith regard to the riddles, the top riddle-plate K, Fig. 

522, is coarse in the openings, to allow the com to pass /] 

through freely ; the second riddle O is finer ; and in the \ 1 j J 

combined machines with the split-blower and riddles, the J 1 

third and fourth riddles, corresponding to K and O in Fig. / I = j. p 

525, are each finer than tho one before it. The riddles are \ 

sometimes made of wire netting, and sometimes of wood H 
perforated at an inclination ; but more frequently of punched ,r 

sheet iron. \ 1 1 I” IB I . 

The next process through which the grain has to pass 
is grinding, breaking, or kibbling, as it is called, according ' 
to the degree of fineness of the meal required. Several u f 

methods have been proposed, but the old plan of one atone revolving above another which is fixed 
is still found as good and economical as any. Fig. 546 shows a vertical section of a portable corn- 
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mill constructed on thin plan. Tho corn being fed into the hopper A, in shaken down the spout B 
by the damsel C, working against the Bpout, into the eye of the upper or running stone D, whence 
it gets into the furrows ox the two stones I) and K, passing out from them as meal into the casing F, 
from which it is carried off by the spout G. Motion is given to the runner D from the pulleys H 
through the shaft I by means of the mitre-wheels J to the vertical spindle K ; at the top of the 
spindle are two studs, on which rides the casting L, which in its turn carries the running-stone D 
by the two steps O. The damsel C being fastened in the casting L, receives motion from it. Tho 
bed -stone E is adjusted by the net screws M M ; and the screwed wedges N keep the wood-packing 
against the spindle K. The coarseness or fineness of the meal is regulated by the hand-wheel P 
working a worm-gearing in the worm-wheol Q. which is keyed on the top of a brass bush resting in 
an outer bush or seating, with a square thread cut in the two hushes; thus, by turning the wheel 
P, the worm-wheel Q causes the inner bush to turn in its seat on the thread, thereby raising or 
lowering the spindle K, and with it tho upper stone I). The hand-wheel H acts as a nut upon the 
screw S, raising or lowering the spout or shoe B, and thus diminishing or increasing tho feed to 
the stones. The object of theeo mills on farms is to break wheat, barley, oats, Ac., into meal for 
food for man ami beast; it is only worked occasionally, and therefore the arrangements for cooling 
the flour and meal are not required. 

The Flour-dressing Machine consists of a case* containing nn inclined cylinder of wire gauzo 
of various degrees of fineness; on a spindle passing along the centre of this cylinder are fixed by 
means of arms keyed on it a set of brushes, which revolve at about 300 to 500 revolutions per 
minute. The meal or broken com is passed into one end of the cylinder, and the fine flour falls 
at once through the wire into the first compartment ; by mentis of tho brushes ami alterations in 
the gauge of the wire five or six separations are made. 

The smaller implements forming part of the bam works are of modem introduction, and have 
been brought forward by science to assist the practical agriculturist. Those in most general use 
are — 

Linseed awl Com crushers ; Chaff-cutters, or Straxr-chojtpers ; Turnift-cutters and Root-cutters ; 
Corse crushed r or cutters ; Oilcake crushers or breakers. 

The Linseed and Com crushers have been introduced to effect a saving in the quantity of com 
necessary for animals, as the crushing or bruising ensures the whole of the nutriment coutaiued in 
the grain being rendered available, instead of the animal swallowing the food without properly 
masticating it. Tho process is simple; tho grain is merely passed between plain or grooved 
rollers, crushing, not grindiug, being the object ; the bulk is thereby increas*sl at least one-third, 
and its nutritive power in the same ratio. This idea is really of very old date, though only of 
recent adoption, having been recommended by tiartlib in 1650. 

The Chaff-cutters are made with two or more knives shuped concave or convex towards tho 
edge, and fixed on a shaft earn ing a fly-wheel. A feed-motion is attached to bring the straw or 
bay up to the knives, the straw Wing placed in a box, ami the knives working across the end of 
the box and close uguinst it. The length of tho cut is variable, and may be altered from about 
1 inch to 3 inches by adjusting the amount of the feed. 

Turnip-cutters are discs, arms, or plates of metal with knives or cutters to pare or slice turnips 
or other mots, which lie against the knives by their own weight; the roots are cut in slices for 
cattle, and in strips for sheep, cross-cutters being then introduced. 

Gome-crushers are made with toothed rollers to bruise the gone for feeding beasts, which eat 
it with avidity; it is crushed by the machine to a harmless pulp, and cut into short lengths. 

Oilcake-breakers arc made with toothed rollers, by which the cake is taken hold of und broken, 
the cut being adjusted by set screws, so as to regulate the degree of fineness required, according as 
the cake is Wing broken for cattle or sheep; the dust from the cake passes through a grating. 

Tho results of experience with the several machines have led to the adoption of the following 
speeds of working as the most eligible for the purrs**' : — 

The speed of the drum of the threshing machine is found to be best at about 5000 ft. of the 
circumference a-minute. 

The straw-shaker should pase the straw at the rate of 75 to 80 ft. a-minute. 

The shogging- board and riddle-board should l>e worked at about 200 revolutions of the crank 
a-minute. 

The blowers should run at about 2000 ft. of the circumference a-minute. 

The barley-horn er spindle should make 400 to 500 revolutions a-minute. 

The elevators should work at 100 or 150 ft. a-minute, but the rate is dependent upon the 
quantity to be taken up, and it may sometimes be found necessary to quicken the speed. 

The beat speed of a 3-ft. stone for a mill similar to the one described is found to be ubout HO 
to 150 revolutions a-minute, or about 1400 ft. a-minute of the circumference, instead of 1550 to 
1000 ft. a-minute, as given by the ordinary rule, the lower speed giving the greatest quantity of 
work done for the least amount of power expended. 

The smaller machines are not so delicate in their operations, and are more dependent upon the 
kind of stuff they are fed with and the state it is in. and therefore do not allow of any fixed rule. 

The growth of the threshing machine having been traced from the simple threshing drum and 
breastwork to tho complete machines now in use. an interesting experiment may be mentioned, 
which was tried at the meeting of the Yorkshire Agricultural Society, at Ripon, in 1831, to ascer- 
tain the power consumed by the several ports of the mnehine. 

A combined fixed mnehine with a dressing apjjuratus as described, required 6’15 horse- 
power to drive it when at work, and 1*77 horse-power when empty, leaving 4*38 horse-power 
available for doing the work. This machine threshed 200 sheaves of wheat in 13*80 minutes, and 
the |>ower expended was accordingly 0* 15 horse-power for 13 80 minutes, equivalent to 81’87 horse- 
power for one minute; or. multiplying by 33000 and dividing by 200, the power expended was — 
14001 units of work to thresh 1 sheaf of wheat 
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(on» unit of work lasing one pound weight raised one foot high). The 1-77 bone-power required 
to drivo the machine, when empty, was divided as under : — 

Horw-powg. 


Driving Machine *37 

Elevator ’ll 

Shaker and Riddle *28 

Blower '20 

Drum and Shafting *81 

Total 1*77 


A similar machine required 4*23 home-power to drive it when at work, and 2 '70 home-power 
when empty, leaving 1 '53 home-power available for doing the work. This machine threshed 200 
aheavea of wheat in 22*68 minutes, and the power expended was accordingly 4*23 hone-power for 
22*68 minutes, equivalent to 05*04 horse-power for one minute; or, multiplying by 33000, and 
dividing by 200, the power expended was — 

15830 units of work to thresh 1 sheaf of wheat. 

The 2 '70 horae-power required to drive the machine when empty was divided as under : — 


Hone- power. 

Dressing Machine *34 

Elevator * 28 

iShockbnard and Pulley *39 

Blower and Drum 1*46 

Main Shaft and Shaker * 23 

Total 2-70 


The power expended in threshing 1 sheaf of wheat has been gradually increased from abont 
6000 units in the earlier machines by tho additions in successive years of further apparatus 
to render the process more complete, several operations being combined in the one machine. 

Taking a similar basis of calculation, the power required to work the portable corn-mills and 
smaller barn implements, as reduced from the average results of the trials at the show of the Royal 
Agricultural Society in 1855, is as follows : — 

Portable Corn-mills, about 9000 units to grind 1 lb. of corn. 


Corn-crushers, 
Chaff-cutters, 
Turnip-cutter*, 
Oi leak e-break ere, 


8600 
2200 
150 
/ 180 
\ 350 


to crush 1 lb. of linseed or oats, 
to cut 1 lb. of chaff, 
to cut 1 lb. of turnipe. 
to break 1 lb. of cake for cattle, 
to break 1 lb. of cake for sheep. 


A trial of threshing machines took place in Kent, in April, 1856, when one machine threshed, 
without finishing, about 21} quarters of wheat with 350 lbs. of coal in 3} hours; while another 
machine, having extra machinery attached to it for finishing, threshed and finished for market in 
the same time about 25} quarters w ith 563 lba. of coal, nnd that under disadvantage, owing to very 
high wind, and the windy side of the stack having fallen by lot to it. A stack of barley whs 
threshed and finished by the second machine in 7} hours, including stoppages amounting to 
1} hour, making the actual time 6} hours; in this time the machine was found to have yielded 73 
quarters of barley, or at the rate of 11*23 quarters per hour ; tho engine employed was of 7 horse- 
power. — (Taken from a paper by W. Waller, given in *Proc. Inst, of Mcc. Eng.,’ 1856.) 

BARKER’S MILL. Fr., Moulin a tan; Gek., LohmiLhle ; Ital., Muiinello idrauiico a rtationt ; 
Spas., Molino de Barker. 

The simplest form of reaction water-wheel is that of Barker’s Mill, Fig. 547. Water-wheela 
are divided into groups according to the form of the |»rt which receives immediately tho action 
of the water. 

The following synoptical Table exhibits at one view the different kin<ls of water-wheels and 
machines of rotation : — 

piano, r **U — {“T 
* n \ an indefinite fluid, 
curved. Wheels of Poncelet. 

at summit. Overshot wheels. m 

below summit. Breast or undershot. 

struck by an isolated vein, 
placed in a cylinder. Tub-wheels, 
outside cylinder. Turbines of Foumeyron. 
Turbines of Burdin, of Boyden, of Francis, 
cer’s Mill. Wheels of Segner, of Euler. 


Water-wheels 
and machines ( 
of rotation. 


Vertical 


with floats.. 

with buckets 
receiving the 
water 

( with floats . . 


^Horizontal.. wHh ron , luit „ 

( reaction. Bari 


The water-mill, shown in Fig. 547, invented by Barker. |*>rformed tho operation of grinding 
com without either wheel or trundle ; A is a pipe or channel that brings water from a reservoir 
to the upright tube B. 

The water runs down the tube, and thence into the horizontal trunk C, which has equal arms; 
and, lastly, runs out through holes at d and <*, opening on coutrury sides near the etuis of those 
arms. These orifices, </, c, have sliders fitted to them, so that their magnitude may be increased 
or diminished at pleasure. 

The upright spindle D is fixed in the bottom of the trunk, and screwed to it below by the nut 
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<7, and is fixed into the trunk by two cron-ban at /; so that, if the tubo B and trunk C be turned 
round, the spindle D will be turned also. 

The top of the spindle goes square into the rynd of the upper mill-stono H, as in common 
mills; and as the trunk, tube, ana spindle turn round, the roili-stone is turned round thereby. 
The lower or quiescent mill-stone is represented by I, and K is the S47 

floor on which it rests, in which is the hole L to let the meal run 4^ 

through, and fall down into a trough which may be about 3f. The cd 

hoop or case that goes round the mill-stone rests on the floor K, and H 

supports the hopper in the common way. The lower end of the 1 

spindle turns in a hole in the bridge-tree G F, which support* the vs k 

mill-stone, tube, spindle, and trunk. This tree is movable on a -jrq A 

piu at A, and its other end is supported by an iron rod N flx<d 

into it, the top of the rod going through the first bracket O, and 

having a screw-nut o upon it, above the bracket. By turning this ** \ / 

nut forward or backward the mill-stone is raised or lowered at y sJL 

pleasure. f\f 4^ 

Whilst the tube B is kept full of w ater from the pipe A. and the 
water continues to run out from the ends of the trunk, the upi*rr 
mill-stone H, together with the trunk, tube, and spindle, turn B 

round. But if the holes in the trunk were stopped, no motion 
would ensue, even though the tube and trunk were full of water. 

For, if there were no hole in the trunk, the pressure of the water : w 

would be equal against all parts of its side** within. But when the S LJ — ij 

water has free egress through the holes, its pressure there is en- ; .y E j> 1 C j Ss 

tirely removed : and the pressure against the ports of the side* ^ j t Ji Nfv s rJ ! 

which are opposite to the holes tumN the machine. v\V-*~ -4'%- — / 


Janu s Kuroaey improved this machine, by conveying the water \ . ^ 

from the reservoir, not by a pipe, as A 1)B, in great part of which 

the spindle, turns, but by a pqte which descends from A, without the frame LN, till it reaches as 
low or lower than G, and then to l>e conveyed by a curvilinear neck and collar from G to g, 
where it enters the arms, as is shown by the dotted lines at the lower part of the figure. 

Most of the authors who have attempted to lay down the theory of this mill have fallen into 
error. The most ingenious theory we have yet seen is by William Waring (given iu the ‘American 
Transactions,’ voL iii.), which, with some such corrections as appeared necessary to adapt his rules 
to practical pur|HN«es, is nearly as follows : 

The first inquiry relates to the magnitude of the pipe which conveys the water from the 
reservoir to the centre of the horizontal tube e tf, at g. To this end, let A = the area of 
the orifice by which the water is admitted at g: h — the perpendicular height of the surface 
of the water in the reservoir above g; d = tho vertical depth of any horizontal section of the 
pipe below the same surface ; 8 = the surface or area of tne horizontal section of the pipe, at 
the depth d. Then, since the areas in the several parts of the pipe should be inversely as the 
velocities, and the velocities are in the subduplicatc ratio of tho depths below the head, those 

areas must be inversely in the subduplicate ratio of tho depths ; consequently, , and 

A v « 

8 = A V- d . 8o that tho pipe must have its boro increased from the level of g upwards in 

the ratio of 1 to \/ ^ ; and if a section in any part be less than would be assigned by this 
d 

ratio, the water will be obstructed in its passage. 

Of the Initial Force with which the Machine rotnmmres its Motion . — If we conceive the water 
pressing in the tube from g towards r, previous to the opening of the aperture, there will mani- 
festly be no motion occasioned, because tho forces on the opposite sides of the tube balance each 


other, and the force against the end C is resisted by the fixed axle D</; or, if we consider both 
arms, it is halanced by the equal force acting upon the equal end at d in an opposite direction. 
But if one of the a|>ertiir<ti, as d (its area being n <i), is opened, the pressure upon that portion of 
the tube is taken away, and the equal and opposite pressure upon an &jual jtortion of the contrary 
side of the tube, having now nothing to keep it in equilibrio, tends to move the arm Cg about the 
axis D g. In like manner, when the aperture e (also = <i) is opened, the pressure, which was 
previously counterbalanced by the opposite pressure on the orifice r, now exerts its tendency to 
produce a rotatory motion alsmt the axis Dr/; so that, rmnbiuing together the effects of both 
these unbalanced pressures, and considering tluit the pressure of water upon any point is propor- 
tional to the depth of that point below the upper surface of the fluid, we shall have 2 a A it for the 
force which causes the rotatory motion to commence ; the values of a and A being taken in feet, 
and m* representing 62$ lbs. avoirdupois, the weight of a cubic foot of water. But as the velocity 
of rotation increases, tho pressure depending upon the relative velocities of tho water and tho 
aides of tho tube diminishes, and consequently the power is diminished, notwithstanding what is 
gained by that which we now proceed to consider. 

The Centrifugal Force . — This may be found in a similar manner to that which is adopted when 
considering the theory of the centrifugal pump. Thus, if, besides the preceding notation, we take l 
for the length of each arm gd y ge y t for the time of rotation, g for 32£ ft., the measure of the force 
of gravity, and r for 3’14i59Q, since a is the section of the flowing water at right angles to its 

2 w * I* 

motion, we shall have, by proceeding as in tho article just referred to, — — — = the length of 
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a column of water, whose pressure ia equal to the oentrifugni force, or 


4 ** a o' P 


: 76*70625 


a P 


gP t* 

the weight of a column of wo ter in lbs., which is equivalent to the centrifugal force of the fluid in 
both arms. And this is equivalent to the augmentation of power at the apertures, because fluids 
press equally in all directions. 

The inertia of the fluid greatly counteracts the effects of the centrifugal force. The inertia of 
the rotatory tube with the contained fluid would not continue to resist the moving power after the 
velocity became uniform, were the same fluid retained in it as was in it when the motion was first 
imparted; but as this passes off. and there is a continual succession of new matter acquiring 
a motion in the direction of the rotatory, there must be a constant reaction against the sides of the 
tube equal to the communicating force. Now this reaction is very different from that of a fluid 
Vonfined in the tube when it begins to move, because a particle at the extremity of the tube is not 
to receive its whole circular motion there, but gradually acquires it by a uniform acceleration during 
its passage along the tube ; so thnt we must here inquire what force will give to the quantity of 

water a / tr, in the time — of its passing through its respective horizontal arm, the velocity 


2 x r 


in the direction of the aperture. Then, according to the rules given for forces in dy- 


12*273 alt 8 0208 


at v 


= 19*3878 — — for the resistance in lbs. opposed 


namics, we shall have „ 

t 5 

to each arm, such resistance being estimated as if accumulated at the distance A t from the 
centre of motion. 

Acquired Velocity of the Water . — According to the theory of hydraulics, the velocity of water 
issuing through on aperture at the depth A below the upper surface of a reservoir, is expressed 
by 8 • 0208 J A, which when reduced, in conformity with the experiments, becomes 5 A very 
nearly ; and this is the velocity of the water passing out of the tubes at the commencement of 
the rotation. Then, as 

•J 2 a A w : 5 J A : : \/ (2aAw + 76-70625^ ) : 6 \/ (a + 38-83812 j 

= 5 y/ (a + -61385 — ^ = r, 
the required velocity of the water. 

Ratio of the Central Force to the Inertia . — This will be ascertained bv substituting for r in the ex- 
pression 19*6878 , its value just found; so thnt wc hove 98 ‘439 ~ X \/ ^*61365 + ~jT J 

for the inertia, while the centrifugal force is measured by 76*70625 


aP 


76*70625 


aP 


: 98*439 - 


Now wo find that 

,, 7 * 3 / (-61365 -^):: 1 : 1 2833 -\/ (-61365 ~ ), 

1 616 t \ vcr y noor iy . w hich is tho ratio of the power gained by the centrifugal 


1 : 


v/ ( 1+ p ) 

force to the obstruction arising from inertia. Whence it appears that the latter is greater than 
the former, except when t = 0, A = 0, or l = ce , cases never occurring in practice ; and that tho 
lbnger the arms, the less the fall of water, and the greater the velocity of rotation, the nearer 
these forces approach to the rut it* of equality. 

Adjustment of the Tartu amt Motion. — Here it must be particularly observed that the centrifugal 
force should not exceed the gravity of the water revolving in the arms yd, g.e; for in that case the 
water would bo drawn into the tube faster than it could be naturally supplied at its entrance, by 
the velocity proper to that depth, and of consequence a vacuum must 1 k> occasioned ; nor should 
the velocity of the apertures be greater than half that of tho water through them ; for tho 
aperture* being still adapted in point of magnitude to the velocity, the effluent Quantity or 
number of acting particles is as the time, the momentum is in the simple ratio of the relative 
velocity, and therefore the greatest effect will be produced when the velocity of the apertures is 
equal to half that due to the head of water. These two conditions expressed algebraically will 
furnish the equations, 

,i n o — / a 

76*70625 -jj- ss 2 a l w .... — - — = — »J h + / ; 

from which equations we deduce the following, 

j A = 9*29345 / = 15 1446 P , 
namely, J l = 1*6296 P = *1076 A. 

I t - V ‘61365 l - V 06603 A. 

Whence it appears that A, l, and t i , are nearly in the constant ratio of 15, 9}, and 1. 

Still it should be observed, that while l and t are preserved in a constant ratio, the values of 

76*70625 ‘-jj-, and of 12*273 that is, of the central force and of the inertia, must remain the 

same ; so that the brachia may be made of any length at pleasure (not less than * 1076 A) if tho 
time of revolution be taken in a corresponding proportion, or so that the velocity of the apertures 
undergo no variation, which will be ensured by making t = V* 61365/; for a double or triple 
radius, revolving in a double or triple time, or with half or a third the angular velocity, has the 
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same absolute velocity at tho extremity ; and with the same power there applied, will produce 
the same effect. Ilence, 

The moving force and velocity of the machine, %chcn the effect is a maximum, may be found. For, 

if we put *61965 1 for f 3 , and 9*29945 1 for h, in the expression \/ ^1 -f * it becomes 

V 1 + 8 = 2; in which caw the resistance of inertia is just double the central force, or the 
gravity of the water in the tube = 125 a/, which, taken from the impelling force, leaves 62*5 
(a A + /) — 125 a i = 62*5 a (A — /) s 55 775 a A lbs. avoirdupois = the real moving force, at 
the distance of the centres of the apertures from the centre of motion, / being taken = *1076 A. 

And by a like substitution, the velocity — >J A + l becomes - «J 1*1076 A = 2*68205 h, feet 
per second. 

Area of the Apertures. — If A = the area of a section of the race perpendicular to the direction 
of its motion, V = its velocity per wound, both in feet, a and A as before: then it will be 

A V = 10 a y/ ^A -f *61365 ^ j cubic feet = the quantity of water emitted per second bv both 

. AV *070066 AV^/A 4l . ... 

apertures: hence a = — — = — , the area proper for one of the apertures. 

14*2722 tj A A 

From the preceding investigation we may deduce the following rules. 

1. Make each arm of the horizontal tube, from the centre of motion to tho centre of the 
aperture, of any convenient length, not less than ^th of the perpendicular height of the water’s 
surface above these centres. 

2. Multiply the length of the arm in feet by *61365, and take the square root of the product 
for the proper time of a revolution in seconds, and adapt the other parts of the machinery to this 
velocity; or, 

8. If the time of a revolution Is? given, multiply the square of this time by 1*6296 for the pro- 
portional length of the ann in feet. 

4. Multiply together the breadth, depth, and velocity per second of the race, and divide the 
last product by 14 * 27 times the square root of the height, for the area of either aperture ; or, mul- 
tiply the continual product of the breadth, depth, and velocity of the race, by the square root of 
the height, and by the decimal *07; the last product, divided by the height, will give the area 
of the aperture. 

5. Multiply the area of either aperture by the height of the head of water, and the product by 
55*775 (or 56 lbs.), for the moving force, estimated at the centres of the apertures in pounds 
avoirdupois. 

With respect to different forms and developments of reaction water-wheels, we give, with 
some slight, but necessary, alterations, the following general observations from a treatise on 
Hydraulics, by J. F. lXAubuisson de Voisins. 

Wc designate by the appellation reaction vatrr-trheels machines in which the water contained in 
them, and which issues from them with a certain effort, r<*acts upon the parts of the machine 
opposite the orifices of issue with an equal effort : in consequence of widen it constrains these 
parts to recoil, and so occasions the motion of rotation. The following example will enable us to 
appreciate this mode of action ; but before giving this example, it is necessary to revert to a 
principle. 

The equality between action and reaction, which is regarded nearly as an axiom in mechanics, 
has been directly demonstrated by Daniel Bernoulli, in tho case of a jet issuing from a va so 
(* Hydrodynamica,’ pp. 279 and 303). lie found, by calculation ami cxjierinieut, that the effort 
exerted upon the vase by the reaction of the jet was equal to the weight of a prism which had for 
its base the orifice, and for its height twice the height duo to the velocity of issue ; and we know 
that such is the measure of the effort of which the jet is capable. 

Let there be a vase or great vertical tube, of which A is the ltase. Fig. 518, which is movable 
around its axis C, at the foot of which is fixed a horizontal tube B D, open at B, and closed through 
its remaining extent. If this apparatus be tilled with water, the 
fluid will exert an equal pressure on all parts of the tube ; that A 
which takes place at any point will be destroyed by the pres- 
sure u|*>n the point diametrically opposite, and there will 1 h> 
an equilibrium. But if we make an orifice at a, for example, 
there will no longer bo a pressure upon this point ; that exerted 
upon the opposite aide will be no longer counterbalanced, and it will drive the tube in the direc- 
tion from a toe; the jet issuing at a, acting by its reaction, will cause the machine hi turn around 
its axis C. and in a direction opposite to its own, in the same manner as the elastic fluid arising 
from igniting the powder contained in the charge of a squib or rocket, issuing downwards, drives 
it rapidly upwards. 

If, at the lower part of the great vertical tube A, we have radiating from it many tubes similar 
to B D, and similarly pierced, we shall have the machine of reaction designed, towards the 
middle of the last century, by Segner, professor of mathematics at Gottingen, which the Germans 
consequently name Seiner's Wheel. 

Euler, having made this an object of hia studies (* Academic de Berlin,’ 1750). proposed, 1st, 
to give a curved form to .the horizontal tubes, so as to obtain a pressure resulting from tho 
centrifugal force ; 2nd, to cause the water to issue through the extremities of the tubes, which 
extremities he curved so as to make them perpendicular to the radius of the wheel drawn to 
them. 
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M. Manouri d’Ectot. profiting by tho indication of these improvements, planned a machine 
such as we see in Fig. 5-19. Its tubes, swelling in the middle, and curved like an (/), were united 
and held by iron bars. The motive water is conveyed to them by means of a great vertical tube 
which is bent horizontally at B, anti, passing under the wings 
or revolving arms, rises vertically, and terminates at the oornmon 
centre C. 

Those wheels have lieen successfully established in the mills 
of Brittany, of Normandv, and of the environs of Paris ; “ from 
authentic experiments, they produced an effect superior to that 
of the best executed ‘ pot-wheel*,’ ” Bays Carnot, in the name of 
the commission of the institute appointed to the examination of 
this machine (‘Journal dee Mines,’ 1813, tom. XXXIII.). How- 
ever, in common practice, we cannot, without difficulty, keep tight the junction of the stationary 
part, the tube conducting the water, with the movable part, the wings or arms of the wheel. 
Otherwise, this wheel seems better fitted than any other to transmit the action of a current of 
water directed from lielow upwards, such as issues from certain artesian wells. 

Euler, whose ideas upon these reaction machines were derived from Wegner's, designed one 
which seemed to him better fitted to reap the full advantage of this mode of the action of water. 
It had the form of a great bell, or rather, it was a truncated cone, hollow in the middle, consisting 
of two concentric surfaces, made of sheet-iron plates, with a space between them, open at the top 
and closed at the bottom ; small bent pipes were fitted vertically all around and at the bottom, 
their extremities being horizontal and in the direction of the motion, or rather, in a direction 
opposite to it. The motive water entering at the top of the machine, 
filled the space between tho two conical envelopes, and issued 
through the small tulx-s. Though unwieldy, this machine lias been 
used advantageously in France. 

Three years after, Euler gave a more complete theory of reaction 
wheels ; and on this occasion he projected a second, which is deecribed 
in the * Memoirea de l’Academie de Berlin,’ 1754. It consisted of two 
parts, placed one above the other, as shown in Fig. 550. The upper 
was immovable, and formed a cylindrical and annular reservoir, with 
small tubes fixed to the bottom, rectilinear, but inclined at nti angle 
determined by calculation, and delivering the water Upon the lower 
part. The latter, movable around its axis, presented at the top an 
annular trough, from tho Imttom of which projected twenty tubes, 
diverging in their descent, the ends of which, bent horizontally, de- 
livered the water in the air. All of these pipes were covered, as far 
ns the bending, bv a smooth sheet-iron surface, designed to lessen 
the resistance of the air. 

Such a machine, with tubes uniformly curved, not being ob- 
structed at their extremity, and not being entirely full of water, 
has a close resemblance to the duct-wheels of M. Burdin ; and the theory of Borda would be 
equally applicable to it. 

The learned engineer whom we have just named, and to whom the works of Euler wore 
unknown, also innde a traction turbine , which bears a great resemblance to tlrnt of the illustrious 
geometer. We give a short description of one which he established at the mill of Anles, in tho 
department of Puy-de-Ddme. 

* The fall is 6*56 ft. Under a wooden basin, where the water is maintained at a constant 
height of 3*28 ft., is placed the machine of rotation represented in Fig. 551. Three injecting 
orifices, fitted to the bottom of the basin, deliver the water horizon- 
tally in the crown, or small annular basin, which forms its upper part. 

It then enters into three pyramidal enclosures, with vertical axes, whose 
extremities are bent horizontally, having an orifice of issue. The height 
of the machine is 3*28 ft. ; and generally it is one-half the fall. 

It is contrived so tliat the turbine, under the injecting orifices, may 
have a velocity of 14*53 ft., that due to the height of 3*28 ft. The water 
arriving upon the machine with a velocity equal to that of the (mints 
which receive it. there is no shock. Moreover, the head upon the orifices 
of the conduits being 3*28 ft., the water will issue from them also with 
the relative velocity of 14*53 ft. : and us that of the orifices in an oppo- 
site direction is the same in value, the absolute velocity of the fluid will 
lie zero. The two conditions necessary for the maximum of effect are thus 
fulfilled, and the dynamic effect of the turbine will lie P H. The total 
fall of the water being put = H. This fall, when it is taken to measure the entire force of the 
current, is the difference of level between the fluid surfaces of the upper and lower reaches. But 
for hydraulic wheels it is reckoned from the upper level, or that of the neenroir, to the lowest 
point of the wheel, os this point may be lowered to the level of the lower reach, when this 
level is constant. P = the weight of water furnished in one second by the motive current. 

But in practice, many circumstances always occur to change the condition* of this greatest 
effect. Still. M. Burdin has never seen the useful effect of his reaction turbines below 0 65 PH, 
and sometimes it has been as high as 0*75 P H (* Annales de* Mines.’ tom. 111., 1828). 

Nearly a century has elapsed since the theory of reaction machines was the object of Euler’s 
researches : his memoirs upon this subject, which, however, I am not in a situation to properly 
appreciate, bear, according to competent judges, the impress of his analytical genius. But since 
their publication, and partly in consequence of the works of this great inan, the theory of machine* 
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in motion, especially in all pertaining to their dynamic effect, has reached a much greater degree 
of generality and simplicity. 

For a summary application to reaction wheels of this theory. I will suppose, with M. Navier, 
that the water enters them without shock, ami runs through them without a sudden change of 
velocity: I shall only, then, have to consider its ahaolute velocity immediately after its exit from 
the machine. We have demonstrated (sec Tl'RBIKE Water-wheels) that when water issue* 
through orifices made in the circumference of a wheel in motion around its vertical axis, its 
velocity, relatively to that of the machine, is, upon the last element of the orifices, 2 */ A -f r* 
A being the height of the reservoir abovo these orifices, and v their velocity of rotation. Wo sup- 
1 ** 8 © their extremity to Is* horizontal, and perpendicular to the radius of the circumference 
described ; then, their velocity f is found directly opposed to that which the fluid possesses upon 
this extremity, and its absolute velocity, immediately after quitting it, is then »J 2j/A + r 3 — e. 
But the dynamic effect is equal to the force of the motor, minus the half of the r it ctra which the 
water possesses after issuing from the machine, and we shall thus have 

E = P* - + 

This equation shows that the effect is greater, as the complex factor of the second term in the 
second member is smaller, and that it will be at its maximum and equal to I* A when this factor is 
zero : now, we cannot have »J 2 if A -f- r 3 — a = 0, except r is infinite. Whence we conclude that in 
reaction machines the effect can never be, even in theory, equal to the force of the motor, and that 
it is greater in proportion ns the velocity of rotation is tlie more considerable. 

Finally, in the year 1838, M. Combes, mining engineer, took up the theory of reaction machines, 
and extended it to all the circumstances of motion ; after having studied carefully that of Euler, 
he established a more general one, which he presented to the Academy of Sciences : but as yet it has 
not been published. From the short notice upon this subject, inserted in the reports of the sessions 
of the Academy of Sciences (session of 0th August), the formulas of M. Combes indicate in reaction 
machines what those of M. Poneelet have shown for turbines, that the velocity of the wheel may 
experience great variations, either increasing or decreasing, from that giving the maximum of 
effect, without a mark'd diminution in this effect. ** It is necessary," observes the author, “ that 
the gates of the reaction wheel should lie fixed upon the wheel itself ; and in order that the useful 
effect may remain always the same, notwithstanding the variations in the volume of water, it is 
requisite that the gates should act at one© ufxm the whole of the orifices of entry and issue of the 
movable pipes, which should have between them a constant ratio, determined by the equation of 
motion.” 

See Float Water- wheels. Overshot Water-wheels. Termer Water-wheels. Under- 
shot Water-wheels. 

BAROMETER. Fn,, Itarometre ; Her., Barometer; Ttal., Ihtrometro; Stan., Bar&metro , • 

A barometer is an instrument for determining the weight or pressure of the atmosphere, and 
hence the actual and probable changes of tins weather, or the height of any ascent. 

The form commonly used was inveutid by Torricelli at Florence in 1643. It 
consists of a gloss tube, 33 or 34 in. in length, closed at top, filled with mercury, 
except the vacuum at the top, and inverted in an open cup of mercury. A 
graduated scale is attached to the tube to note the variations of the column of 
mercury. 

The Aneroid b inmeter is a form of the instrument in which the atmosphere 
acts upon the elastic top of a thiu metallic box, which hns previously been par- 
tially exhausted of air. and furnistud with levers and an index to note the 
changes produced by atmospheric pressure. 

The Siphon barometer is another form of the common barometer. 

The Sympiesometer is another form of barometer. 

A Marine b ar ometer is a barometer with tube contracted «t the bottom to pre- 
vent rapid oscillations of the mercury ; it is suspended in gimbals from an arm or 
support on shipboard. 

A Mountain barometer is a portable mercurial barometer, with tripod support, 

Bnd r cong, for measuring heights. 

A Wheel barometer is a liarowcter with recurved tube and a float, from which a 
cord by passing over a pulley moves an index. 

Experiments show that if a vessel be exhausted of air it will lie lighter than 
when it was full, hence air has weight. And wo show (see Hydrostatic 
Balance) how the weight and specific gravity of air may be accurately determined. 

The weight of a column of the atmosphere is shown by the barometer; for, let 
A B, Fig. 552, lie a glass tube, 34 in. long, open at A and cloned at B. Fill the 
tube with mercury, ami placing the finger firmly on the end A. so ns to prevent 
the mercury from escaping out of the tube, invert it, and plunge the end A into 
a vessel C D, of mercury. If the finger be now removed, it will be found that the 
mercury will stand at about 23 or 30 in. in the tube above the level of the mercury 
in the basin. That the mercury is sustained in the tube by the pressure of the 
air upon the surface of the mercury in the basin may be proved by placing the q 
barometer under the receiver of an air-pump. As the air is exhausted, the mer- 
cury »iuks in the tulie; and when the exhaustion is so complete that very little 
pressure is exerted on the surface of the mercury in the basin, the mercury in the 
tube and in the basin are nearly on the same level. On the air being again 
admitted into the receiver, the mercury rises in the tube to its former height. Sine© the pressure 
of a fluid on any portion of the surface is the weight of the superincumbent column of the fluid, 
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the pressure of the mercury upwards against the surface C D, is the weight of a column of 
mercury, whose base is C D and altitude PE; and thus pressure is balanced by the pressure of 
the air downwards on the surface C D. From numerous experiments it has l>ccn found that the 
density of air is proportional to the force that compresses it. For let A BC D, Fig. 553, 553 . 

bo a bent cylindrical tube of glass, having one end A open and the other D closed. 

Supixwo the communication between the two branches to be cut off by a small 
quantity of mercury poured in at A until it just fills the base B C. Then the air in 
C D will be of the same density as the air in A B. If more mercury be poured in ut 
A. it will force the mercury to rise in D C; aud if this pouring be continued until the 
mercury stands at 8, as high above the point T, to which it has risen in D C, as the 
altitude of the mercury in the barometer, then that column of mercury, from what wo 
have before shown, is equivalent hi the weight of the column of air incumbent upon 
it. Hence the pressure against the air in DT, arising from the pressure of the 
atmosphere and the mercury iu 8 B. is twice as great as it was aguinst the air in 
C D; and it Imb been observed that I>T = A CD; therefore, the air being compressed 
into half the space, the density is doubled. In like manner, if another column of 
mercury be added, so that the altitude of the mercury in A B, above the mercury in 
C D, shall be twice the altitude of the mercury in the barometer, the pressure of the 
air in DT, arising from the weight of the atmosphere ami the mercury in SB, will 
now Ik? three times as great ns it was against the air iu C D. Also DT has been 
found to Ih> — A C D, and, therefore, the density iu D T is = 3 times the density of the atmosphere. 
In this way the density has been found iu all cases, within a moderate extent, to be proportional 
to the compressing force. And since the force that compresses the air is balanced by the elasticity 
of the air, it is evident that the elastic force of the air is equal to the compressing force, and may 
be measured by it. Also it follows, that the elasticity of the air is proportional to its density. 
This is the law of Boyle. 

Gay-Lussac found by experiment, that all gases, under the same pressure, expand uniformly 
for equal increments of temperature; this is true, at least, from the freezing to the boiling point 
of the thermometer. Suppose a column of the atmosphere to rest on a bast? whose area is 1 ; and 
suppose this column to be divided into an infinite number of strata, of equal thickness, parallel to 
the horizon. Then, since each stratum of air is compressed by the weight of those above it, the 
lower strata will Ik? more compressed, and, therefore, will Ik? denser than those above them. 

The nature and properties of both atmospheric air and mercury have been carefully ascertained ; 
so far, the determination of the heights of mountains by the barometer present* no difficulty ; 
but, to solve the ultimate equation, lias, up to the present time, defied the skill of mathematicians. 
The formula* presented by writers on mechanic* to effect this object, only gave approximate 
result*. This ultimate equation, which may be presented under the form [1], can be solved with 
the greatest ease by dual arithmetic, a new art. 

In this equation all the quantities, except the required height z, are known ; the logs, nre 
hyperbolic, and this equation may Ik? put under the form 

/ H 

in this last equation put v — A ; and suppose A = hyperbolic log. of a, that is, suppose 


4(1 4- « t) 


log. t a = A; put x = \/ ^ ^ 1 -f — ^ , and B = ~~ * 

These substitution* being made, [1] l»ecnmes 

x = A + Bj log«g x*. 


[ 2 ] 


The base of the hyperbolic system of logarithms * = 2 '71 8281 828 and the dual logarithm of 
* — 100000000, = 10*, the dual logarithm of c in written - 10* Equation [2j may Ik* put 
under the form •' =ax ,B# ; taking the xth root of both rides of the last equation, we have 


} — a * x * R . 


Put *»*• = «, then — a therefore, or “ “ V • consequently 

/ V * J J_ J I 

^ ~ J- = ^ — •• ^ • . If c be put for the known quantity ^ — T^j" an< ^ y f° r i the lust 


equation becomes y 9 = c, hence in a dual form we have y \ , (y) a* j, (e): [3], A general 
solution of all equations of the form [8), is given in Part 11. of the “Art and Science of Dual 
Arithmetic,’ by Oliver Bvme. 

In measuring heights by the barometer, it is necessary to know, to the greatest nicety, the 
ratio of the density of mercury to that of air. The accurate and indefatigable M. Kegnnult 
found, at Paris, that a litre of air at (f centigrade, under a pressure of 700 millimetres, weighed 
1 '293187 grammes; and at the level of the sea, in latitude 45', it weighed 1*292687 grammes. 
Ho also found that a litre of mercury, at the temperature of 0 cent., weighed 13595*98 gramme*. 
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A litre of water, at its maximum density, weighs 1000 grammes ; therefore the ratio of the density 

of mercury to that of air, in latitude 45°, will be = ,l '* _ 10317*49. 

* ’ ’ 1* 292097 

At Paris, a litre of atmospheric nir weighs 1*298187 grammes; but this number is only correct 
for the locality in which the experiments were made — that is. the latitude of 48° 50‘ 14", and a 
height of GO metres above the level of the sea. Taking 1*292697 grammes for the weight of 
a litre of air under the parallel of 45® latitude, and at the same distance from the centre of the 
<*nrth as that at which the experiments were tried, to be 1*292697 grammes, then, putting ir for 
the weight of the litre of air, iu any other latitude, any other distance from the centre of the earth, 
1 *292897 (1 *00001885) (1 — *002837) cos. \ 

, + T ' 

n - 63G6198 metres, the mean radius of the earth, q the height of the [dace of observation 
above the mean radius, and X the latitude of the place. In applying formula [4] to a particular 
example, the author found that at Philadelphia, II. S., lat. Sir 1 56' 51" *5 N., the weight of a 
litre of air was 1*2914392 grammes ; the ratio of the density of mercury to that of air at the 
level of the sea was 10527*735; and n = 6367653 metres at Philadelphia. 

Uegnault also found, by experiments, that 1 *36706 represents the volume of air at 100° centi- 
grade thermom.. the volume at 0 : being supposed = 1. Before the time of Regnault, these and 
many other constants were greatly in error. Experiments show that air, under the same pressure, 
expands uniformly for equal increments of temperature; that the ex|mnsion due to the same 
increase of temperature is not the same for all gases, as many scientific men have supposed. 
However, in air the expansion for a unit of bulk is *30706, according to Uegnault, from tho 
freezing to the boiling points ; and therefore the expansion for each degree of Fahrenheit is yLj 
of *86706. 

Let a = the expansion of air for each degree of the thermometer, k = the ratio of the elasticity 
of air to its density at the temperature of melting ice ; then the bulk at the temperature x will bo 

increased, and therefore the density diminished in the ratio of 1 + a x to 1 ; consequently 

k (1 -fax) — tile ratio of the elasticity to the density at the temperature x. 

j p = the elasticity, i at the surface of 

I ft = the force of gravity, / the earth ; 

For the air, let < P = the elasticity, \ , ., , 

1. = the (tenuity It temp, x, ■ " " 

| O = the force of gravity, j ,bov<! Ulc • urfaoe : 

then = * (1 + a x), end P = D t (1 + . r). 

Then, for what is conventionally termed the differential of P, in the notation of the differential 
calculus, put d P ; 

therefore, P-rfP = the pressure at the altitude (r -f </), 

P = the pressure at the altitude x . 


— <iP = the difference of pressures = DGrf* = 

tho earth where the observation is made. 

,*. — — — — — ~ ( 1 — , and hence, by 

P *(! + «#) VCr + x)*/’ _ ? 


- ; r being put for the radius of 


( ? — ; ) , and hence, by integrating, we find 

Iog - p = I(fc) ((7+7j) + 

ITiTH) (7) +oonstent: 

y, log-, p - log-, p = log.. | = (7 " 7T, ) : 

•■■ b "-.y = 7crh7yfe)' m 


P ar* /I 1 \ 

consequently, log., p - log., P = log., ^ I ; 

7(r^(7^)- M 

From experiment it also appears that mercury contracts uniformly as its temperature decreases, 
j II = height of barometer, j 

For mercury, let < M = density of mercury, J at tho surfaco of tho earth ; 

( T = temperature of mercury, } 

and H,, M, , T If the same quantities respectively at the altitude x ; and — = the condensation of 

( X — T, \ 

1 4 ^ - J ; but, y = jHM; 

am! P = G H, M, = (H.) M (t + • 

. p /r + ,\» H 

'■ p=i ' j (- + ^K 

( T — T,\ 

1 + — - — - J H, , and equating tho hyperbolic logarithms of the last value of 
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with tbo value before found [51 wo have 


M H.t) 


('* ('* t)']- 


The temperature r has been supposed to remain the same throughout the whole column z, 
whereas it always decreases as wo ascend from the surface of the earth ; but, Wing ignorant of 
the law of this change, a mean value (r) between the values at the two stations is taken and 
considered constant ; the mean t. Wing substituted for r in the last equation, [1] is established. 

We append the barometrical Tables of M Mnthrew, from which the heights of mountains may 
W found by mere inspection. This method will W found useful when great accuracy is not 
required, nr when an observer wishes to avoid the labour of calculating. 

Theta* Tables, liased upon I^aplace’s formula, are sufficiently extended to enable heights — or 
rather, differences of level — to be calculated to nearly 9000 metres. 

Let us supjxtto tho following observations to have been made : — 

H, height of the barometer ; 

At the lower station T, temperature of the barometer; 

/, temperature of the air. 

A, height of the barometer : 

At tho upper station T', temperature of the barometer ; 

t\ temperature of the air. 

The height A of the barometer, at the temperature T', observed at the upper station, becomes A* 
when brought to the temperature T of the barometer at the lower Btation. Now, for every degree 
centigrade, the expansion of mercury is 0 • 00018002 ; that of brass, according to the barometric 

scale, is 0-00001878; and the difference of these two expansions is 00001G124 = — ; therefore 

0200 

.. . . T — T r \ 


Let a W the height of the lower station above tho level of the sea, and L the latitude of the place. 
Tho difforouco of level Z Wtwoen tho two stations is 

„ f( 1 + T} 1 

Z = 1R33II" log. x { (1 + 0 00205mfc2L) } 


Z +i^ , 

, + 6306198 + 


3183099/ 


This is tho formula to which the equation of Ceieatial Mechanic* is brought by introducing the 

term * , which is relative to the height * of the lower station above tho sea. 

oi cvHuy 

/ T— T'\ 

But wo have just found A’ = A / 1 + 1 ; therefore, by calling M = 0-4342945 the modulus 

T — T' 

of tho logarithms, we shall have log. A' = log. A + M — - , 

then 18336® log. A' = 18336® log. A + 1® -2843 (T - 'T), 

II H 


and lastly, 18336™ log. 


18336® log. — — 1® -2843 (T — T'X 


and wo shall W enabled, after the substitution, to put tho foregoing equation in the following form : — 

(i i + i£+0 1 

I 1000 / 

Z = ^18336'log.n_i-2813(T-T')^ x J (l + 0 00265 «». 2 L + ~ 

l (' + aissros ) t 

It is from this complete formula, with all tho data of tho observations II, A, T, T’, t and /*, 
that the following barometrical Tables have Wen constructed. 

After having calculated the first approximate value of Z, 

it = 183.10- log. — - 1” 2183(T -T’>, 


and the second, A : 


- , we shall have 


(l+ 0-00205 eo..2L + ^=) 
(' + 3183099 ) 


l V 3183099 ) J 

Table I. gives the metrical values of 18336™ log. IT and of 18336® log. A for barometrical 
heights from 265 to 801 millimetres; only, all those values are diminished by the constant 

44428®- 128, which neither alters the value of the term 18336® log. nor of the difference 
18336® log. H — 18336® log. A. 
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Table II. give* the correction — 1 “*2843 (T — T') dependent upon the difference T — T' in 
the temperature* of the barometer at the two stations. It in generally subtractive. It would Ijc 
additive if T — T* were negative, that is, if the temperature T' of the barometer, at the up|* r 
station, were greater than the temperature T at the lower station. 

If the barometrical scale were divided upon glass or upon a wooden mounting, the correction, 
which then would become — l®" 43 (T — T'), would bo directly obtainable by calculation. 

Table III. gives, for an approximate height A, and the latitude I., the correction, always additive, 


A \ 0 * 00285 cos. 2 L -f 


A -f 15926 \ 
“6366198 /* 


The first term A 0*00265 cos. 2 L arises from the variation of gravity between the latitude of 
45 degrees and the latitude L of the place of observation. It is positive between the equator and 
45 degrees, ami negative between 45 degrees and the pole. 


Tho second term 


A + 15926 
6366198 


A is due to tho diminution of gravity in the vertical between 


the two stations; it is always positive and larger than the first. The sum of these two terms has, 
therefore, the advantage of being always positive. 

The small correetum A ■ ^ is owing to the height $ of the lower station above the sea. 
That height is known, but, with an approximation amply sufficient, we may toko 


• = 18330- log. . 

H 


The correction then becomes 


A 0 - 00570 log. ~ 


It is always additive, and is given in Table IV. It is obtained at the lower station, together 
with A ami the height II of the barometer. 

Method of performing the Calculation . — Take from Table I. the two numfwrs corresponding to 
the barometrical heights H and A obtained by observation.. From this difference subtract the 
correction 1 “ *2843 (T — T'), which will be found in Table II., together with the thermoiuctrical 
difference T — T' of the barometers. The approximate height a will thus be got. 

The correction a '- ^qqo^ » ^ ° r t em P era * ,,re of the air, has next to be calculated by multi- 

plying the thousandth part of a by twice the sum of the temperatures t and f. It bears the same 
sign os t -f f. A second approximate height A is then obtuini-d. 

Having A and the latitude L of the place, find, in Table III., tho correction, always additive. 

A / 0* 00265 cos. 2 L + } ♦ which arises from tho variation of gravity in latitude, and 

v 6060 1 98 / 

its diminution in tho vertical between the two stations. 

When the height of the lower station is rather great, or when the height H of the barometer 
at that station is below 750 millimetres, Table IV. will give the additive correction 

A 0‘ 00370 log. -j”- 


Tins Table lias a double entry, but tho correction, which never varies very much, may be easily 
gathered at sight when it is wished to take it into account. 

Example . — Measurement of the height of Mont Blanc, by MM. Bravais and Martins, on the 
29th August, 1844. Mean latitude, 46 degrees. 

At the lower station : 


Height of the barometer at the Observatory of Geneva .. .. H = 729 -, “*G5 

Barometrical thermometer .. T = 18°*0 

Free thermometer 4 = 19° *3 


At the upper station, 1 metro below the Bummit : 

Height of the barometer 

Barometrical thermometer 

Free thermometer 

• fforH = 729—65 

T»ble I. gives | b A _ 121 m. 05 

Difference 

Table II. gives for T — T' = 22^*8 

First approximate height a 

Correction - ^ 2 (( + f) = 4 292 X 23 4 

Second approximate height A 

Table 111. gives for A = 4392*9 and L = 46? 

Table IV. gives for H = 729““ and 4400“ 

Difference of level between the two stations .. 


A = 424““ 
T = — 4 0, 
t' = -7° 


8069“ *9 
-3748“! 


4321**8 
-29“ -3 


4292“ *5 


+ 100**4 


4392" *9 
+ 13* *6 
+ 0“ *4 


.. 4406“ *9 


By adding 408 metres to this difference of level — tho height of the Observatory of Genera 
above the sea, and 1 metre more for the distance of the upper station below the summit, we find 
the height of Mont Blanc to be 4815“ *9 above the level of the sea. 
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Table 1. 

Value of 1833™ log. H, and the value of 18336™ log. A, in metres, diminished by the constant 41428®* 128. 
H, A, millimetres, height of mercury in the barometer tube, at the lower and upper stations, 
respectively. 


Hot*. 1 I>iITcrcnop. 1! or A. Mttm. IMfTe-n*nc*\ II or A. Metres IMfT*rtnr«. It or A, Metre*. IHfferrnce. 


265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 
301 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 
815 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 


4*5 
34-5 
64-4 
94 1 
123*8 
158*4 
182*8 
212*1 
241*3 
270*5 
299*5 
328*4 
357*2 
385*9 
414*5 
443*0 
471*3 
499*6 ' 
527*8 
555*9 
583*9 
611*8 
639*6 | 
667*3 
694*9 
722*4 
749*8 
777*1 ' 
80t*3 ; 
831*5 
858*5 | 
885*5 i 
912*3 J 
939*1 ] 
905*8 
992*4 
1018*9 
1045*3 
1071*6 
1097 8 
1124 0 
1150*1 
1176*1 
1202*0 
1227*8 
1253*5 
1279*1 
1304*7 
1330*2 
1355*6 
1380*9 
1406 1 
1431*3 
1156*4 
1481*4 
1506*3 
1531*1 
1555*9 
1580*6 
1605*2 
16*29*8 
1654*2 
1678*6 
1702*9 
1727*2 
1751*3 


30*0 
29*9 
29*7 
29*7 
29*6 
29*4 
29 3 
29*2 
29 2 
29*0 
28*9 
28*8 
28*7 
28*6 
28*5 
28*3 
28*3 
28*2 
28*1 
28*0 
27*9 
27*8 
27*7 
27*6 
27*5 
27*4 
27*3 
27*2 
27*2 
27*0 
27*0 
26*8 
26*8 
26*7 
26*6 
26*5 
26*4 
26*3 
26*2 
26*2 
86*1 
26*0 
25*9 
25*8 
25*7 
25*6 
25*6 
25*5 
25* 4 
25 * 3 
85*8 
25*2 
25 1 
25*0 
24*9 
24*8 
24*8 
24*7 
24*6 
24*6 
24*4 
24*4 
24*3 
24*3 
24*1 


330 

331 

332 

333 

334 

335 

336 

337 

338 
330 

340 

341 

342 

343 I 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 

360 

361 

362 
368 
364 
865 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 
370 

377 

378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 
893 

394 

395 


1751*3 
1775*4 
1799*4 
1823*4 
1847*3 
1871*1 
1694*8 
1918*5 ' 
1942*1 
1965*6 
1989*1 I 
2012*5 | 
2035*8 I 
2059*0 j 
2082*2 
2105*3 
2128*4 
2151 4 
2174*3 1 
2197*1 
2219*9 i 
2242.* 6 
2265*3 i 
2287*9 j 
2310*4 
2332*9 j 
2355*3 
2377*6 | 
2399 * 9 ! 
2422*1 | 
2444*2 
2406*3 | 
2488*3 | 
2510*3 ! 
2532*2 I 
2554 1 
2575*9 I 
2597*6 
2619*3 | 
2640*9 ! 
2662*4 , 
2683*9 ; 
2705-4 
2726-7 : 
2748 0 
2769-3 
2790*5 
2811*7 
2832*8 
2853*8 
2874*8 
2895*7 
2916-6 
2937*4 
2958-2 
2978-9 
2999 • 6 
3020-2 
3010-7 
3061-2 
3081-6 
3102-0 ! 
3122-4 | 
3142-7 | 
3162-9 ! 
31831 i 


24 * 1 
24*0 
24*0 
23*9 
23*8 
23*7 
23-7 
23*6 
23*5 
23*5 
23*4 
23-3 
23-2 
23-2 
23 1 
23 1 
23 0 
22-9 
22*8 
22-8 
22*7 
22 *7 
22 -G 
22*5 
22*5 
22 4 
22-3 
22-3 
22*2 
22 1 
221 
22 0 
22 0 
21*9 
21*9 
21*8 
21 7 
21-7 
21-6 
21*5 
21*5 
21*5 
21-3 
21*3 
21*3 
21-2 
21-2 
21 * 1 
21*0 
210 
20*9 
20-9 
20-8 
20*8 
20-7 
20-7 
20-6 
20-5 
20-5 
20-4 
20-4 
20-4 
20-3 
20*2 
20*2 


395 

396 

397 
898 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

456 

457 

458 

459 

460 


3183*1 

3203*2 

3223*3 

3243*3 

3263*3 

3283*2 

3303*1 

3822*0 

3312*7 

3362*5 

3382*2 | 

3401*8 

3421*4 I 

3440*9 1 

3460 4 

3479*9 

3499*3 ■ 

3518*6 

3537*9 

3557*2 

3576*4 

3595 * 6 

3614*7 

3633*8 

3652*8 

3671*8 

36!K>*7 

3709*6 

3728*4 

3747*2 

3766*0 

3784*7 

3803*4 

3822*0 

3840*6 

3859*1 

3877*6 

3896*1 

3914*5 

3932*9 

3951*2 

3969*5 

3987*7 

4005*9 

4024*1 

4042*2 

4060*3 

4078*3 

4036*3 

4114*3 

4132*2 

4150*1 

4167-9 

4185*7 

4203*5 

4221*2 

4238*9 

4256-5 

4274 1 

4291*7 

4309*2 

4326 7 

4344*1 

4361*5 

4378*9 

4396*2 


20*1 
20*1 
20*0 
20*0 
19-9 
19-9 
19-8 
19*8 
19-8 
19*7 
19*6 
19*6 
19*5 
19*5 
19*5 
19*4 
19*3 
19*8 
19 3 
19 2 
19*2 
191 
19*1 
19*0 
19*0 
18*9 
18*9 
18*8 
18*8 
18-8 
18-7 
18-7 
18-6 
18-6 
18*5 
18*5 
18-5 
18-4 
18-4 
18-3 
18-3 
18-2 
18-2 
18-2 
18*1 
18-1 
18-0 
18-0 
18-0 
17-9 
17-9 
17-8 
17-8 
17*8 
17-7 
17-7 
17*6 
17-6 
17-6 
17-5 
17 5 
17-4 
17 4 
17-4 
17-3 


460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 ! 

473 

474 

475 | 

476 

477 I 

478 I 

479 I 

480 i 

481 

482 

483 I 

484 ' 

485 ] 

486 ; 

487 j 

488 | 

489 • 

490 1 

491 i 

492 i 

493 

494 

495 ! 

496 ! 

497 | 

498 i 

499 ; 

500 

I 501 , 

i 502 ; 

I 503 
■ 501 

505 
| 506 1 
; 507 
508 I 

I I 509 . 

510 

511 

512 , 

513 i 

514 

515 

516 

517 
618 

519 

520 

521 

522 

523 

524 

525 


4396*2 

4413*5 

4430*8 

4448*0 

4465*1 

4182*3 

4499*4 

4516*5 

4533*5 

4550*5 

4567*5 

4584*4 

4601*3 

4618*1 

4634*9 

4651*7 

4668*5 

4685*2 

4701*9 

4718*5 

4735*1 

4751*7 I 

4768*2 I 

4784*7 ! 

4801*2 I 

4817*6 | 

4834*0 | 

4850*4 

4866*7 

4883*0 

4899*3 

4915*5 

4931*7 

4947*9 

4964*0 

4980*1 

4996*2 

5012*2 

5028*2 

5044*2 

5060*2 

5076*1 

5092*0 

5107*8 

5123*6 

5139*4 

5155*2 

5170*9 

5186*6 

5*202*3 

5217*9 

5233*5 

5249*1 

5264*6 

5280 1 

5295*6 

5311*0 

5326*4 

5341*8 

5357*2 

5372*5 

5387*8 

5403*1 

5418*3 

5433*5 

5448*7 


17*3 
17*3 
17*2 
17*1 
17 2 
17*1 
17*1 
17*0 
17*0 
17*0 
16*9 
16*9 
16*8 
16*8 
16*8 
16*8 
16*7 
16*7 
16*6 
16*6 
16*6 
16*5 
16*5 
16*5 
16*4 
16*4 
1C*4 
16*3 
16*3 
16*3 
16*2 
16*2 
16*2 
16*1 
16*1 
16*1 
16*0 
16*0 
16*0 
16*0 
15*9 
15*9 
15*8 
15*8 
15*8 
15*8 
15*7 
15*7 
15*7 
15*6 
15*6 
15*6 
15*5 
15*5 
15*5 
15*4 
15*4 
15*4 
15*4 
15*3 
15*3 
15*3 
15*2 
15 2 
15*2 


Digitized by Google 



BAROMETER. 


241 


H or k. Mitre*. 


Difference. 


525 

526 

527 
52S 

529 

530 

531 

532 

533 
531 

535 

536 

537 

538 

539 
MO 
Ml 
512 
M3 
511 
M5 


I 54187 
9463 • 9 
5479 0 
5494*1 
5509-2 
5524-2 
5539-2 
5554-2 
9866*1 
5584 1 
5599 0 
5613-8 
5628-7 
5643-5 
5658-3 
5673 0 
50S7-S 
5702-5 
5717-2 
I 5731-8 
5746-4 


5761 0 


M7 

M8 

M9 

550 


5775-6 

5790-2 

5804-7 

5819*2 


551 

552 

553 

554 

555 


5833-6 
5848 1 
5862*5 
5876 9 
5891-2 


556 

557 

558 

559 

560 

561 

562 

563 

564 

565 
5G6 

567 

568 

569 

570 

571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

581 

582 

583 

584 

585 

586 

587 

588 

589 

590 

591 

592 

593 

594 


5905-6 
5919-9 
5934 2 
5948 4 
5962*6 
5976*8 
5991 0 
6005 1 
60193 
6033-4 
6047-5 
6061 6 
6075-6 
6089-6 
6103-6 
61176 
6131-5 
6145-4 
6159-3 
6173 1 
61870 
6200 8 
6214-6 
6228-4 
62421 j 
6255-8 
6269-5 
6283-2 
6296-8 
6310-4 
6324 0 
6387-6 
6351-2 
6364-7 
6378-2 
6391 -7 
6405-2 i 
6418-6 . 
6432 0 


15-2 
15-1 
15*1 
151 I 
150 
150 
150 
14-9 
150 I 
14-9 | 
14-8 1 
H-9 
14-8 
14-8 
14-7 
14-8 
14-7 i 1 
14-7 
14-6 
14-6 
14-6 
14 6 
14-6 
14-5 
14-5 
14-4 
14-5 
14*4 
14-4 
14-3 
14-4 : 
14-3 
14-3 
14-2 
14-2 
14*2 
14*2 
141 
14-2 
141 
141 
14*1 
140 
140 
140 
140 
13-9 ; 

13-9 | 

13-9 i 
13-8 
13-9 
13-8 ! 
18-8 
13-8 
13-7 
13-7 
13-7 
13-7 
13-6 
13-6 
13-6 
18-6 
13-6 1 

13-5 
13-5 | 

13-5 ! 

13-5 I 
13-4 I’ 
13-4 I 


II or A. 

Metre*. 

594 i 

6432-0 

595 

6445-4 

596 

6458-8 

597 

0472-2 

598 

6485-5 

599 

6498-8 

600 

6512 0 

601 

6525-3 

602 

6538-6 

603 | 

6551-8 

604 

6565 0 

605 

6578 2 

606 

6591-3 

607 

♦>604 • 4 

608 

6617-5 

609 

6630-0 

610 

6648*7 

611 

6650 ' 7 

612 

6669*7 

613 

6682-7 

614 

6695-7 

615 

6708 "7 

616 

6721-6 

«17 

6734-5 

618 

6747 4 

619 

6760*3 

620 

6773-2 

621 

678(1-0 

622 

6708-8 

623 

6811-6 

624 

68*24-4 

625 

6837-1 

626 

6840-8 

627 

0862-5 

628 

6875-2 

629 

6887-0 

630 

6900-6 

631 

6913-2 

632 

6925 * 8 

633 

6938-4 

634 

6951-0 

635 

6968-5 

636 

6076-1 

637 

6988-6 

638 

7001 • 1 

639 

7013-5 

640 

7026 0 

641 

7038-4 

642 

7050-8 

643 

7063-2 

644 

7075-6 

645 

7088*0 

G46 

7100-3 

647 

7112-6 

648 

7124-9 

649 

7137-2 

650 

7149-5 

651 

7161-7 

652 

7173-9 

653 

7186 1 

654 

7198-3 

655 

7210-5 

656 

7222*6 

657 

7234-7 

658 

7246-8 

659 

7258-9 

66.0 

7271 0 

661 

7283 1 

662 

7295 1 

663 

7307 1 


Table I. — continued. 

Difference. H orA-1 Metre*. i Difference. 


13*4 
13-4 
13-4 
13-3 
13-3 
13-2 
18*8 
13-3 
13-2 
13-2 
13-2 
131 
13*1 
131 
131 
131 
130 
I 130 
13*0 
13 0 
130 
12-9 
i 12-9 
12-9 
12-9 
! 129 
, 12-8 
12-8 
12-8 
12-8 
I 12-7 
12*7 
12-7 
12-7 
' 12-7 
12-7 
12 6 
126 
12-6 
12-6 
12-5 
12-6 
! 12-5 
12-5 
12-4 
12-5 
12-4 
12-4 


12-4 
12-3 
12-3 
12-3 
12-3 
12-3 
12*2 
12*2 
12-2 
12-2 
12-2 
121 
121 
121 
12 1 
12 1 
12*1 
121 
120 


663 

604 

665 

6 66 
667 
66,8 

669 

670 

671 

672 

673 

674 
! 675 

676 
i 677 

!, 6 ’ 8 
I 1 679 
680 
1 681 
1 682 
683 
681 

685 

686 

687 

688 
689 
COO 

: 691 

692 

693 
094 

695 

696 

697 

698 


! 702 . 

703 i 
l! 704 
1 705 | 

706 

707 

708 

709 : 


712 

713 
I 714 

715 

716 

717 

718 

719 

720 

721 

722 

723 

724 
1 725 

726 | 

727 

il 728 i 


120 I 
120 
120 | 
120 
11-9 
11*9 
11-9 
11*8 
11-9 
11*9 | 
11-8 ; 
11-8 
11-8 I 

11-8 I 
11 *7 
11-7 
11-7 | 
11-7 
11-7 
11-7 
11-7 
11-6 
11-6 
11-6 
11-6 
11-6 
11-5 
11-5 
11 5 
11-5 

II -5 
11-5 
11-5 
11-4 
11-4 
11-4 
11-4 
11-4 
11*3 
11-3 I 
11-3 
11*3 
11-3 
11-3 
11-3 , 
11-2 
11-2 
11-2 1 
n-2 ; 
11-2 

11 2 

III 
11-2 
111 
111 
111 
110 
111 
110 
ll-o 
ii-o ! 
no 
no | 
no 

10-9 I 
10-9 
109 
10-9 | 
10-9 


7307 1 

73191 ! 

7331 1 

7343 1 I 

7355 1 

7367 0 

7378-9 I 

7390 8 

7402-6 

7414 5 

7426-4 

7438-2 

7450 0 

7461-8 

7473-6 

7485-3 

7497 0 

7508-7 

7520-4 

7532 1 

7543-8 

7555*5 

7567 1 

7578-7 

7590*3 

7601*9 

7613-5 

76*25 0 

7<«6-5 

7648 0 

7659-5 

7671 0 

7682 5 

7694 0 

7705-4 

7716-8 

7728-2 

7739-6 

7751 0 

7762-3 

7773-6 

7784-9 

7796-2 

78075 i 

7818-8 

7830 1 

7841-3 

7852-5 

7863-7 

7874-9 

7886 1 

7897-3 

7908 4 

7919-6 

7930-7 

7941-8 

7952*9 

7963 9 

7975 0 

7986 0 

71H»7 ’ 0 

8008 0 

80190 

8030 0 

8041 0 

8051-9 

8002-8 

8073 7 

8084-6 

8095-5 


H or A. 


7:;-j 

733 

734 

735 

736 

737 

738 

739 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 

757 

758 

759 

760 

761 

762 

763 
7<»4 

765 

766 


769 

770 

771 

772 

773 

774 

775 

776 

777 

778 

779 

780 

781 

782 

783 

784 

785 

786 

787 

788 

789 

790 

791 

792 

793 

794 

795 

796 

797 

798 

799 

800 
801 


Metre*. 


I 8095-5 
8106-4 
8117-3 
8128 1 
8138-9 
8149-7 
8100-5 
8171-3 
8182-1 
8192*9 
8203-6 | 
8214-3 
8225*0 
I 8235-7 
8246-4 I 
8257 • 1 
8267 "7 ' 
8278* 1 
8289-0 
8299*6 
8810*2 
8320-8 
s:;:;i ■ i 
884 1 *9 
8352*4 
8868*0 
8373-5 
8384 0 
8394-5 , 
8404-9 , 
8415-4 I 
1 8425-8 ! 

8436-3 
! 8446-7 
8457 1 
8467-5 
8477-9 
8488*2 
8498-6 
I 8508-9 
8519 2 
I 8529-5 
8639-8 
8550 1 
8560-4 
8570-0 
8580-9 
8591 1 
8601-3 
8611-5 
8621-7 
8631-9 
8642 0 
8652-2 
8082*8 
8872*0 
8682-6 
, 8092-7 

8702- 8 
8712-8 
8722-9 
8732-9 , 

I 8743 0 
I 87530 ! 

8703- 0 
8773-0 
8788*0 
8796*0 
8802-9 
8812-8 , 


K 


Difference. 


109 
10‘9 
10*8 
10-8 
10 ; 8 
10-8 
10-8 
10-8 
10-8 
10-7 
10-7 
10-7 
10-7 
10-7 
10*7 
10-6 
10*7 
10-6 
10-6 
10-6 
106 
10 6 
10-5 
10-5 
10-6 
10-5 
10-5 
10*5 
10-4 
10-5 
10-4 
10-5 
10-4 
10-4 
10*4 
10 4 
10-3 
10-4 
10-3 
10-3 
10-3 
10-3 
10*3 
10-3 
10-2 
10-3 
10*2 
10-2 
10-2 
10-2 
10-2 
101 
10-2 
101 
10-2 
101 
101 
101 
100 
101 
100 
10*1 
100 
100 
100 
100 
100 
9-9 
9-9 
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Table Il.-Correetion ; - I- *2843 (T - T). 


T — T r . 

Corree- T T , 

Hon. 1 1 * 

Correc- 

tion. 

r - T'. 

CoTTTC* 

tluD. 

T-T*. 

Correc- 

tion. 

T-T-. 

Oorrec- 

tlou. 

T-T. 

Correc- 

tion. 

o 

m. 

m. 

o 

m. 

o 

in. 

1 c 

m. 

o 

ra. 

00 

0 0 4-2 

5*4 

8*2 

10*5 

12*2 

15 *7 

16*2 

20*8 

20 2 

25*9 

0 j 

0*3 4*4 

5-7 

8*4 

10*8 

12*4 

15*9 

16*4 

21*1 

20*4 

26*2 

0*4 

0-5 4*6 

5*9 

8*6 

110 

12*6 

10*2 

ICC 

21*3 

20*6 

26*5 

00 

0*8 4*8 

6*2 

8*8 

1 1-3 

12*8 

16*4 

16*8 

21*6 

20*8 

26*7 

0*8 

10 5*0 

6*4 

9*0 

11*6 

13 0 

16*7 

17*0 

21 *8 

21*0 

27*0 

ro 

1*3 5 2 

6*7 

9*2 

11*8 

13*2 

17*0 

17*2 

22 1 

21*2 

27*2 

1*2 

1-5 5-4 

6-9 

9*4 

12-1 

13*4 

17-2 

17*4 

22*3 

21-4 

27*5 

1*4 

1*8 5*6 

7-2 

9*6 

12*3 

13 6 

17 5 

17*6 

22*6 

21 6 

27*7 

1*6 

2*1 5*8 

74 

9*8 

12*6 

13*8 

17-7 

17-8 

22*9 

21*8 

28 0 

1*8 

2*3 6 0 

7*7 

10 o 

12*8 

140 

18*0 

18*0 

23 1 

22 0 

28*3 

2*0 

2 6 6*2 

8*0 

10*2 

13*1 

142 

18*2 

18*2 

23*4 

22 * 2 

28*5 

2*2 

2*8 6*4 

8*2 

10*4 

13-4 

H -4 

18 '3 

184 

23*0 

22 4 

28*8 

2*4 

3*1 | 6*6 

8*5 

10 - 

13*6 

14-0 

18*8 

18*6 

23*9 

22*6 

29*0 

2*6 

3*3 C *8 

3*6 7*0 

8*7 

10*8 

13*9 

14*8 

190 

18*8 

24 1 

22*8 

29*3 

2*8 

9*0 

110 

14-1 

15*0 

19*3 

19*0 

24*4 

23*0 

29*5 

. 3*0 

3*9 7*2 

9*2 

11*2 

14-4 

15*2 

19*5 

19*2 

24*7 

23*2 

29*8 

3-2 

4 1 7 4 

9*5 

11*4 

140 134 

19*8 

19*4 

24*9 

23*4 

30 1 

3-4 

4 4 7*6 

9*8 

11*6 

14 9 

15*6 

20*0 

19*6 

23*2 

23*6 

30*3 

3*0 

4*6 7*8 

10 o 

118 

15 2 

15*8 

20*3 

19-8 

25*4 

23*8 

30*6 

8*8 

4*0 

4*9 8*0 

5*1 

10*3 

120 

15-4 

16*0 

20*5 

20*0 

25*7 

24*0 

30*8 


The correction is subtracted when T — T is positive, ami added when T — T' is negative. 


Correction ; 


Table III. 


A | *00265 cos. 2 L + | ; always to be added. 


mating 
to A. 

CP 

3° 

4° 


12 ° 

16° 

!»° 

21 ° 

21 ° 

jjo 

3G° 

m. 

m. 

m. 

m. 

m. 

n». 

ni. 

m. 

m. 

Ul. 

m. 

m. 

100 

0*5 

0*5 

0*5 

0*5 

0*5 

0*5 

0 5 

0*4 

0*4 

0*4 

0*4 

200 

1*0 

1*0 

1*0 

1*0 

1*0 

10 

0 9 

0 9 

0 9 

0*8 

0*8 

300 

1-6 

re 

1*6 

1*5 

1*5 

1*5 

1*4 

14 

13 

1*2 

1*2 

400 

2*1 

2*1 

2 1 

2*0 

2*0 

1*9 

1*9 

18 

1*7 

1*7 

1*6 

500 

2*6 

2*6 

2*6 

2*5 

2*5 

2*4 

2*4 

2*3 

2*2 

2*1 

2 0 

600 

3*2 

3 1 

3*1 

3 1 

3*0 

2*9 

2*8 

2*7 

2*6 

2 5 

2 4 

700 

3*7 

3*7 

3*6 

3*6 

3*5 

3*4 

8*8 

3*2 

3*1 

2*9 

2*8 

800 

4*2 

4*2 

4*2 

4*1 

40 

3*9 

3*8 

8*7 

8*5 

3 3 

8*2 

900 

4*8 

4*8 

4*7 

4*6 

4 6 

4*5 

4*3 

4*1 

40 

3*8 

3*6 

1000 

5*3 

5*3 

5*3 

5*2 

5*1 

50 

4*8 

4*6 

4 4 

4*2 

4*0 

1100 

5*9 

5*8 * 

5*8 

5*7 

5*6 

5*5 

5*3 

5*1 

4*9 

4*7 

4*4 

1200 

6*4 

6*4 

6*3 

6*2 

6*1 

6*0 

5*8 

5*6 

5*4 

5*1 

4*8 

1300 

7*0 

6*9 

6*9 

6*8 

6*7 

6 5 

6*3 

6*1 

5*8 

5 5 

5*2 

1400 

7*5 

7*5 

7 4 

7*3 

7*2 

7*0 

6*8 

6*6 

6*3 

6*0 

5*7 

1500 

81 

8*1 

HO 

7*9 

7*7 

7*5 

7*3 

7*1 

6*8 

6*4 

6*1 

1600 

8*6 

8*6 

8*5 

8*4 

8*3 

8*1 

7*8 

7*6 

7 2 

6*9 

6*5 

1700 

9*2 

9*2 

9*1 

9*0 

8*8 

8*6 

8*4 

8*1 

7*7 

7*4 

7*0 

1800 

9*8 

9*8 

9*7 

9*5 

9*3 

9*1 

8*9 

8*6 

8*2 

7*8 

7*4 

1900 

10*4 

10*3 

10*2 

101 

9*9 

9*7 

9*4 

9*1 

8*7 

8*3 

7*8 

2000 

10*9 

10*9 

10*8 

10*7 

10*5 

10-2 

9*9 

9*6 

9*2 

8*7 

8*3 

2100 

11 5 

11 5 

11*4 

11 2 

11*0 

10*8 

10*4 

10-1 

9*7 

9*2 

8*7 

2200 

12*1 

12*1 

12*0 

11-8 

11*6 

11-3 

11*0 

10*6 

10*2 

9*7 

9*2 

2300 

12*7 

12*6 

12-5 

12-4 

12*1 

11 -8 

11 5 

11-1 

10*7 

10 2 

9*6 

2400 

13*3 

13*2 

13*1 

13*0 

12*7 

12*4 

12*1 

11 6 

11-2 

10*6 

10-1 

2500 

13*9 

13*8 

13*7 

13*5 

13 3 

130 

12*6 

12*2 

11-7 

11 * 1 

10*5 

2600 

14 5 

14 -4 

14*3 

141 

18*0 

13*5 

13 1 

12*7 

12*2 

11*6 

110 

2700 

15 1 

15*0 

14*9 

14*7 

14*4 

141 

13*7 

13 2 

12*7 

12 2 

11 *5 

2800 

15 7 

15*6 

15*5 

15 3 

15*0 

14*7 

14-2 

13*8 

18*8 

12*6 

12*0 

2900 

16*3 

16*2 

16*1 

15*9 

15*6 

15*2 

14*8 

14-3 

13*7 

13*0 

12*3 

3000 

16*9 

16*8 

16*7 

16*5 

16*2 

15*8 

15-3 

14 8 

14*2 

13 6 

12*9 

3500 

20*0 

19*9 

10*8 

19*5 

10*8 

18*7 

18*2 

17*6 

16*9 

16*1 

15 3 

4000 

23- 1 

23 1 

22*9 

88*6 

88*8 

21*7 

21 * 1 

20 4 

19 6 

18*7 

17*8 

5000 

29*7 

29*6 

29 4 

29*0 

28*5 

27*9 

27*2 

26*3 

25-3 

24*2 

23*1 

6000 

36 6 

36*5 

88*8 

35*8 

35 2 

34 4 

33*5 

32 5 

31 3 

30*0 

28*6 

7000 

43*8 

43*7 

43*4 

42*9 

42*2 

41*3 

40*2 

39*0 

37*6 

36*1 

34*5 


i 
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TabME III. — continufti. 


tnAlli>K 
to A . 

53 ° 

36° 

3»o 

42 ° 

4 S ° 

4 ( f ° 

51 ° 


5 T ° 

W > 

€ 3 ° 

in . 

m 

m 

m 

m 

III . 

m . 

m 

in . 

m . 

til. 

m . 

100 

04 

0 3 

0-3 

0 3 

0*2 

0*2 

0 2 

0 2 

0 1 

0*1 

0*1 

200 

0-7 

0-7 

0-6 

0-6 

»S 

0*5 

0*4 

0*3 

0*3 

0*2 

0*2 

300 

it 

10 

0*9 

0*9 

0*8 

0*7 

0*6 

0*5 

0*4 

0*4 

0*3 

400 

1-5 

1-4 

1*3 

11 

10 

0*9 

0*8 

0*7 

0*6 

0*5 

0*4 

600 

1*8 

1-7 

1*6 

1*4 

1*3 

1*2 

1*0 

0*9 

0*8 

0*6 

0*5 

GOO 

2-2 

21 

1*9 

1*7 

10 

1*4 

1*2 

1*1 

0*9 

0*8 

0*6 

700 

26 

2*4 

2*2 

2 0 

1*8 

1-6 

1*4 

13 

1*1 

0*9 

0*7 

800 

3 0 

28 

2 5 

2*3 

2 1 

1*9 

1-7 

1*4 

1*2 

1*0 

0*9 

900 

3 4 

31 

2*9 

2-7 

2-4 

2 1 

1 !) 

1-6 

1-4 

1-2 

10 

1000 

3*7 

3 5 

3 2 

2*9 

2*7 

2*4 

2 1 

1*8 

1-6 

1*3 

11 

1100 

41 

3-8 

3-5 

3-2 

2*9 

2 6 

2*3 

2*0 

1*8 

IS 

1*2 

1200 

4 5 

4 2 

3*9 

3*6 

3-2 

2*9 

2*6 

2*2 

19 

1-6 

14 

1300 

4-9 

4-6 

4-2 

3*9 

3-5 

3-2 

2*8 

2-5 

21 

1*8 

1*5 

1400 

5*3 

5 0 

4 6 

4 2 

3*8 

3*4 

3 0 

2 7 

2*3 

19 

1*6 

1600 

5-7 

5 3 

4-9 

4*5 

4 1 

3 7 

3 3 

2-9 

2*5 

2-1 

1*8 

1600 

6 1 

5-7 

5 3 

4*9 

4 4 

4 0 

3*5 

3 1 

2-7 

2*3 

1*9 

1700 

65 

6 1 

5*6 

5-2 

4-7 

4 2 

3*8 

3 3 

2*9 

2*5 

21 

1800 

70 

6-5 

60 

5*5 

50 

4*5 

4*0 

3*5 

3*1 

2*6 

2*2 

1900 

7 4 

6*9 

6-4 

5*8 

5*3 

4*8 

4*3 

3*8 

3*3 

2*8 

2*4 

2000 

7-8 

7 3 

6-7 

6*2 

5*6 

5*1 

4*5 

4*0 

3*5 

30 

2*5 

2100 

82 

7*7 

71 

6 5 

5*9 

5 4 

4*8 

4 2 

3 7 

3*2 

2*7 

2200 

8-6 

8*1 

7-5 

6-9 

6*3 

5-7 

5*0 

4 5 

3*9 

3*3 

2*8 

2300 

91 

8-5 

7-8 

7 2 

6*6 

5*9 

5*3 

4*7 

4*1 

3*5 

30 

2100 

9 5 

8-9 

8*2 

7*6 

6*9 

6-3 

5*7 

5*1 

4*3 

3-7 

3*2 

2500 

9-9 

9-2 

8-6 

7‘9 

72 

6-5 

5*9 

5*2 

4*5 

3*9 

3*3 

2600 

10*4 

9-7 

9*0 

8*3 

7*6 

6-8 

6*1 

5*4 

4*8 

4 1 

3*5 

2700 

10 8 

10*1 

9 4 

8*6 

7-9 

71 

6-4 

5-7 

50 

4-3 

3*7 

2*00 

113 

10-5 

9*8 

9*0 

8-2 

7*5 

6*7 

5*9 

5*2 

4-5 

3*9 

2900 

11-7 

110 

10*2 

9*4 

86 

7-8 

70 

6*2 

5*5 

4-7 

4*1 

3000 

12-2 

11*4 

10*6 

9*8 

8*9 

8 1 

7-3 

6*5 

5*7 

19 

4*2 

3500 

14*4 

13*5 

12 G 

11*6 

10-7 

9*7 

8*8 

7*8 

6*9 

60 

5 2 

4000 

16*8 

15*8 

14*7 

13 6 

12-5 

11*4 

10*3 

9-2 

8*2 

7*2 

6*3 

5000 

21*8 

20-5 

19 2 

17-8 

16-4 

ISO 

13*7 

12*3 

11*0 

9*8 

8*7 

6000 

27 1 

25-6 

24 0 

22*3 

20*7 

190 

17*4 

15-8 

14-2 

12*7 

113 

7000 

32*8 

309 

291 

27*1 

25 2 

23*3 

21 *4 

19-5 

17*7 

15*9 

14 3 


Table IV. — Diminution of weight in the vertical due to the heights of the lower station. 
Correction; A ^*00576 log. always to be added. 


Height : 
sppruxi . 
muting 

to A. 

Height or Bakomktes at Lower Station . 

460 

400 

530 

650 

680 

610 

640 

«:« 

TOO 

730 

m. 

m. 


m 

m. 

m. 

m. 

ID . 

m 

in. 

m. 

100 

01 

0-1 

0-1 

0*1 

0*1 

01 

0*0 

0*0 

0*0 

0*0 

200 

0*3 

0-2 

0*2 

0*2 

0*1 

0*1 

01 

01 

0*0 

0*0 

300 

0*4 

0*3 

0*3 

0*2 

0*2 

0*2 

0*1 

0*1 

1 0*1 

0*0 

400 

0*5 

0*4 

0*4 

0*3 

0*3 

0*2 

0*2 

01 

0 1 

0 0 

500 

0*6 

0*5 

0*5 

0*4 

0*3 

0*3 

0-2 

0-2 

0 1 

0*1 

600 

0*8 

0-7 

0*6 

0*5 

0*4 

0-3 

0*3 

0*2 

01 

0*1 

700 

0-9 

0*8 

0*7 

0*6 

0*5 

0*4 

0*3 

0 2 

1 0*1 

0*1 

800 

1*0 

0*9 

0*8 

0*6 

0*5 

0*4 

0*3 

0*3 

1 0*2 

0*1 

900 

1*1 

1*0 

0*9 

0-7 

0*6 

0*5 

0*4 

0*3 

0-2 

01 

1000 

13 

1*1 

0*9 l 

0*8 

0*7 

1 0-6 

0*4 

0*3 

0-2 

0*1 

1200 

15 

1*3 

i-i 

i 1-0 

0*8 

0*7 

0*5 

0*4 

i 0*2 \ 

0*1 

1400 

1*8 

1*5 

1-3 

1*1 

0*9 

0*8 

0*6 

0*4 

0-3 

0*1 

1600 

2*0 j 

1-8 

1-5 

1*3 

i-i 

0*9 

0*7 

0*5 

0-3 ! 

0*2 

1800 

2*3 

2*0 

1-7 

1*5 ! 

1-2 

10 

0*8 

o-o 

0-4 

0-2 

2000 

2*5 

2-2 

19 

1-6 

H 

1*1 

0*9 

0*6 

0*4 | 

0*2 

2200 

2*8 

2*4 | 

2*1 

1-8 

1-5 

1*2 

0-9 

. 0*7 

i 0*5 

0*2 

2400 

3*0 

2 *C 

2*3 

1*9 

1*6 

1*3 

10 

0*8 

0*5 | 

0*2 

2600 

3 3 

2*9 

2*5 

21 

18 

1*4 

11 

t >*8 

0*5 

0*3 

2800 

3*5 

3*1 i 

2-7 

2*3 , 

1*9 

1*5 

1*2 ! 

0*9 

0-6 

0*3 

3000 

3*8 

3*3 

2*8 

2*4 

2*0 

1*6 

1*3 

0*9 

0-8 ; 

0*3 

4000 

5*0 i 

4 4 

3*8 

3 2 1 

2*7 

2*2 « 

1-7 

1*3 

0*8 

0*4 

5000 


5*5 | 

4-7 

40 

3*4 

2*8 

2*1 

1*6 

1*0 ■ 

0 5 

6000 




4-9 

4*1 

3-3 

2*6 

1*9 

1*2 ; 

0*6 

7000 







3*0 1 

2*2 

1-4 

0-7 

8000 









1*6 1 

0*8 


a 2 
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BARRACKS. 


BARRACKP. Fn., Caserne*; Ger., Caserne; Ital m Caserne; RrA*., Case mas. 

Barrack . — The word barrack is probably derived from the Rex on Parruc, an enclosure, or from 
the Spanish Barraccas , small huts for fishermen, and is the general term employed in this country 
for a building or collection of buildings of a permanent nature used for the residence of troops; 
while buildings of a less permanent kind, such as at Aldershot or the Curragh, we generally call 
camps. On the Continent, however, the term equivalent in sound to our barracks appears limited 
to huts or field-huts, while the more permanent buildings are called caserne*, or caserme, derived, 
no doubt, from the Spanish or Italian, Casa, a house. Tho Germans generally have adopted the 
French term. 

In the medieval ages, and before standing armies formed a part of the institution of tho 
country, soldiers were generally lodged in the different feudal or roval fortresses, which occupied 
the principal strong positions, both for offence and defence, throughout the kingdom; but after 
the Revolution, and more particularly in Ireland, where it was necessary to keep up a very 
numerous force, we begin to find large sains expended in the construction of buildings for the 
purposes of our modern barracks. In the reign of the first George, the Koval Barracks, Dublin, 
were thus erected, affording accommodation at that period for perhaps 5000 men, on an area of 
about 14 acres, although, owing to the enlarged cubical space now allotted to each soldier, they will 
accommodate no more than 1800. Few, therefore, if any of our barracks present any archaeological 
interest extending further back than the middle or latter end of the last century, if we except tho 
generally incongruous alterations effected in some of our old fortresses to accommodate our soldiers, 
such as those in Kdinburgh and Stirling Castles, the Tower, Dover Castle, Yarmouth, &c., Ac. 
The officers’ quarters at Dover Castle are a creditable adaptation of the architecture of tho 
existing buildings. A very good idea of what military lodging in tho middle ages was, may l>o 
obtained by inspecting the lower stories of Koslin Castle, the keep at Newcastle, and other 
mmterraines of castles of that period. 

With the exception of a few on a large scale, built during the last centurv, or in the early part 
of the present one —such os those of Dublin, Cork, and Ferrnoy, in Ireland ; the cavalry barracks of 
Pierahili. near Edinburgh; those of York and Canterbury — the greater part of our barracks were 
composed of mere makeshifts, ninny of them in the heart of large towns, cribbed and confined in 
apace, overcrowded, and quite devoid of any sanitary arrangements, drainage, or even a proper 
supply of water. 

It was not until the General Report of the Commission appointed for improving the Sanitary 
Condition of Barracks and Hospitals appeared in 1861, that any idea could be formes! of tho 
real state of the existing dwellings of the British army in the United Kingdom, extending in 
number to 243 distinct barracks, and 167 hospitals. Many of them are described as being built 
in densely-peopled neighbourhoods, and closely surrounded by dwellings of the civil population, 
often of the very lowest classes. Rome of the Metropolitan barracks, such as 8t. George's, behind 
the National Gallery, and Portman Barracks, are especially notorious in this respect, and also 
many of those in Portsmouth ; Knightsbridge Barrack is also specially condemned. In numerous 
coses, existing barracks consist of blocks of private buildings, or ordinary dwelling-houses, often 
in low neighbourhoods, in which, owing to }x>litical or other causes, it was at some period deemed 
desirable to station troops, such ns the Ship Rtreet and Linen Hall Barracks in Dublin, tho 
barracks in Cashel, Galway, and many other towns in Ireland, and in the manufacturing districts 
in England and Scotland. In such cases, no sanitary improvements short of entire demolition and 
reconstruction can ever afford accommodation adequate to what modem hygiene would require. 
Even in more recent times, when money has not been spared, and it would be naturally supposed 
the faults of older buildings would be avoided, our barrack architects or engineers have not been 
more successful — witness, the Guards’ Barracks in Rt. James’s Pork, the new liar racks in the Tower 
and in Edinburgh Castle, the Cavalry Barracks, Hounslow, and many others wo could mention. 
As the unit of 600 cub. ft. space a man is now generally adopted os the minimum for barrack 
accommodation, it will ho sufficient to state, that when tho late Commission inspected the liar- 
rocks of the United Kingdom, they found under the existing regulations provision made for 
75,800 men, giving each a cubic space varying from 290 ft. to 550 ft. a man ; while at the rate 
of (>00 ft. a man, only 53.800 could be accommodated, showing a deficiency of barrack room for 
22,000 men. In the Chatham district alone, 100 men were accommodated in the space sufficient 
only for 57. 

The Barrack Commissioners, however, do not involve all existing barracks under a sentence of 
condemnation. Some of the block arrangements of the Irish barracks, especially those of Pnraons- 
town, Templemore, Nan*. Dundalk, Island Bridge, and Beggars* Bush Barracks, near Dublin, aro 
commended, as well as the more modem barracks at Bury and Ashton, in Lancashire, and York 
Cavalry Barracks. 

The recommendation of the Commission generally as to drainage, warming, water-supply, 
ablution, and other sanitary arrangements, have been gradually carried out wherever possible 
during the last seven or eight years, although, from economical motives connected with the War 
Department Administration, much remains yet to be done. 

The most recently built and improved barrack in London is that of Chelsea, near tho Royal 
Hospital, constructed for a battalion of the Guards, from the designs of G. Morgan, who 
obtained the appointment of architect by public competition in 1858-9. It possesses all the 
required necessaries and accessories for modem military dwellings, including gymnasium, married 
soldiers’ barrack*, chapel, prOvost, stores, hospital, and so on, and cost on the whole a sum of 
296,000/., or about 245/. a head, including all ranks; but which sum included the purchase of 
a very expensive site. 

The subjoined sketch. Fig. 554, shows two units of liarrack-rooms, complete, with the passnge 
between them, or one floor of a barrack-house, in the new Chelsea Barracks. Each house, as it con- 
sisted of two or three floors, would contain four or six units, ta accommodate twenty men each. 
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Chelsea Barracks consists simply of a number of units such as those shown in Fig. 554, extending 
in a straight liuo of about 1000 ft. in length, with a detached building for the stuff-officer* ut one 
end, and for the staff-sergeants at the other. Iu tho rear are placed the miscellaneous buildings. 



The synopsis, given page 247, shows the different buildings deemed necessary for the accom- 
modation of a battalion of infantry 1200 strong. 

Married SotdicrJ Quartern . — During the last few years, quarters for married soldiers. Fig. 555, 
affording one room of about 220 *u|M-rficial area to each married soldier, or al>out G per cent, ou 
the regimental strength, have been built 

at the principal barracks in tho United . . 

Kingdom, with all necessary out-offices, - S 7 t k a, ' — ? ~ ~i r --y j. — 

washing and ablution rooms, at a cost of 1 | . M 

about 180/. each man. I * * 2 

Constructive Elements r of Healthy liar- LI LJ 14 x 16 LI iJ 

rack-rooms. — The elements of healthy bar- -■ H 1- 1 — — / ~~ 1 - ^ H P - ■ 

rack-room construction are : — I . I 

1. Accommodation for 20 to 30 beds I 3 4 

in each room, at 600 cub. ft. U U LJ LJ 

per head. r r V? — c=: — 

2. Height of room, 11 to 12 ft. ^~T I C-J 

3. Breadth of room, 19 to 20 ft. Cround-pbn of M.rr»d Suldier,' Quorttr,. 

4. Windows equal to onc-half tho 4 

number of beds, arranged on opposite sides of the mom. 

5. No more than two towb of beds in each room; and 5 ft in breadth, at least, allowed for 

each bed. 


6. No barrack-room to contain a sergeant’s bunk. 

Kach barrack-room should have a sergeant’s room opening from the landing or |m*sage ; and 
connected with the barrack-room, and opjxmite the entrance, there should l>e a well-lighted and 
ventilated lavatory, with fixed ablution-basins, and proper water-service laid on. Due basin will 
bo sufficient for every ten men. In the same room should be placed a night-urinal. 

The barrack-room unit would then consist of (1) Imrrack-mom, (2) sergeant's room, (3) aldution- 
room, (4) night-urinal : and a barrack would consist of a number of these units arranged as the 
available space may allow. 

Lighting . — Home barracks are now generally lighted with gas, except in very remote situations. 
No gas, at the public ex)icnse, is allowed for officers' quarters, except for the mess establishment 
anti passage*. Gas-lights, when projierly arrange*!, afford great facilities for the improvement of 
the ventilation of soldiers’ rooms. 

Articles of Ee ju lation-jxsttem, <fe. — To ensure uniformity as well as economy, articles of regula- 
tion-pattern, such as iron shelving, skirting, latrines, and ablution apparatus, ash-bins, sinks, 
conking apparatus of every kind, wash-house fitment*, urinals, and so on, are now used generally 
both in construction and repair of all barracks in tho United Kingdom, as well as those in tho 
Colonies when circumstance* will admit. Rules are also laid down for the thickness of floors, 
description of doors, gates, Ac., to be used generally. The external painting of barracks is 
performed every four, and the internal every seven year*. 

Although the majority of our barracks have been constructed without any regard to their 
defence in case of attack by a mob or insurrectionary body, yet, within the last few yean, it is laid 
down as a general rule that they should be sufficiently fortified, by loop-holed flanking defence* 
or otherwise, to resist a coup de main at least. Many of the Irish barracks are so constructed, and 
those at Ashton and Burv, in Lancashire, have flanking defences at the angles. On the other 
hand, we find many barracks so commanded by surrounding buildings, as to be hopelessly untenable 
iu case of a resolute attack. 

In addition to the buildings themselves, the War Department provides tho necessary articles of 
furniture, bedding, and cooking utensils for all soldiers' and non-commissioned officers’ quarters. 
For officers' quarters, large fixtures only, such as pro— os, kitchen table* and dressers, racks and 
pins, curtain-cornices, and so on, are provided at tho public expense. All wilful damage committed 
by the occupants must be made goo<l by them without cost to the public. 

Maintenance . — Roth tho designing and repairs of all barracks are now carried on under the 
supervision of tho Director of Works, who has under him tho officers of the corps of Royal 
Engineers and the Civil Branch of Royal Engineers’ Department. Formerly there was a Board 
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of Commissioners for Barrack*, but their office was abolished by the late Duke of Wellington in 
1818. when Master-General of the Ordnance, and their duties transferred to the corps of Royal 
Engineers. An officer named barrack-master is placed in local sufiervigion and charge of all our 
principal barracks. 

The total sum voted for the construction and repairs of barrack buildings 


in the United Kingdom, for the year ending 31st March, 1869, was .. £319,229 
For those in the Colonies 142,905 

Total £402,234 


Faulty Construction . — The principal faults in the construction of existing barracks are those of 
site, defective drainage, and ventilation ; the crowding of the blocks of buildings too close on each 
other, nr piling floors too high; Iwck-to-back barrack-moms with windows only on one side, as in 
the Wellington Barracks and Edinburgh Castle, are especially condemned ; also long, narrow, dark 
corridors, us in Hounslow Barracks; defective water-supply and the use of wells generally; and 
placing the soldiers' rooms over the stables, as is the caw* in tno many modern cavalry barracks. 

Apjtroced Construction . — The approved construction of a barrack may be comprised in a few words. 
It should be as simple, yet as durable as possible; the walls built hollowr, to preserve the rooms from 
damp, and the spaces under the floors properly ventilated; the floors and stair-cases to be fire- 
proof, the former constructed of wrought-iron joists, bedded in concrete, and the latter on as easy 
inclines as possible. Provision should be? made for collecting the rain-water falling on roofs, 
which is always valuable for washing and cooking purposes. The site should have sufficient 
elevation to afford easy drainage, and every care should be taken hi make all parades ami oxer- 
cising-grounds as solid and dry os possible. Fresh air. warmed by proper stoves, should be intro- 
duced into each room, so as to keep the temperature as near as possible steady to 60 ' Fahr, ; while 
up-cast shafts, to remove all foul air. should lie formed from each room at opposite comers. The 
latrines, urinals, ablution-room*, and baths, should be plentifully supplied w ith water laid on with 
a proper head of pressure, either by direct service or from tanks or cisterns placed at a proper 
height. The introduction of wrought and cast iron in joists, sashes, Ac., recommended wherever 
possible, as the wear and tear of material in barracks is enormous. The floor* should be of wcxnI, 
out those of ablution and bath rooms of asphalte ; and of cook-houses, Ac., (lagging or tiles of a 
durable nature. 


Regimental Hospital Establishment. 

7 per cent, to Ik* provided on barrack accommodation. 
1200 ft. of cubic space a bed, and bO to 100 sq. ft. a bed. 

Ground Floor. 

Feet. I 

Wards: — No. 2 largo 1020 x 2G x 14 No. 2 nurses' rooms 


„ small .. 20 x 13 Surgery 

Waiting-room 18 x 11 Scullery 

Day-room 18x15 Water-closets, sinks, Ac. 

First Floor. 

Orderlies’ room 26.9 x 18 | Clean-linen store .. 

lavatory 8 x5 | Bedding-store 

Water-closet and urinal. < Pack-store 


Kitchen Pudding. 

Quarters for hospiUl-scrgeant and steward, one room each . 

Kitchen 

Scullery and beer-cellar j 

(book’s mom I 

Room fw medical comforts j 

Larder J 

Yard. 

F(*L | 

Foul-bedding store . . .. 10 x 8 ! Dead -house . 

Coal and wood stores .. 10 x 8 No. 4 latrines. 

Wash-house and laundry, each 14 x 16 | ,, urinals. 


Fcrt. 

11 x 9.4 
18 x 11 
11 x 9 


20 x 13 
15 x 10 
18 x 11 


20 x 13 
15 x 14 
Size 

according to 
available 
8}Mice. 

Feet. 

12 x 12 


Caratry Parrarks . — The general arrangements, and cubical space, for the officers and men, mess 
establishment, Ac., of a barrack for a regiment of cavalry, do not differ much from tho accommo- 
dation provided for an equal nuralier of infantry. The open areas for parades, exercising-groumls, 
and the like, however, require to Ik? larger. 

In modern cavalry barracks several important sanitary improvements have been recently 
made. In many of the older existing barrack*, including Knightsoridge, Regent’s Park, Hounslow, 
Hampton Court. Brighton, York Old Barracks, Hulme, Preston, Sheffield, Canterbury, Piershill 
near Edinburgh, Dublin Royal Barracks, Island Bridge, and several others, the men’s rooms are 
situated over the stables, an arrangement which possesses some conveniences, but which is strongly 
condemned in the Report of the Barrack Commission of 1861. We may mention among cavalry 
barracks in which this objectionable arrangement docs not exist, those of Dundalk, see Fig. 556, 
which is one of the best of all our cavalry' barracks; Newbridge, near the Curragh Camp; C’ahir; 
the New York Barracks: Maidstone. and other places. 
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Synopsis or a Barrack to contain a Battalion or Infantry 1200 Strono, or 12 Companies. 


1 Lieut. -colonel. 

1 Paymaster. 

7 Staff-sergeants, Class A. 

50 Oovpofala, 

1 Mw*-rnan. 

2 Majors, 

1 Adjutant 

in a 

23 Married Sergeants. 

76 Married Soldiers. 

1 M«-**-w alter. 

12 Captain*. 

1 Quartermaster. 

874 Privates. 

1 Cook. 

l< Lieutenant*. 

1 Surgeon. 

12 Single ,, 

I Cantren Sergeant 

2 Coin. Officers’ Servants. 

10 Ensigns. 

1 Assistant-surgeon. 

24 Drummers. 

1 librarian. 

Stabling fur 6 burse*. 


ACCOMMODATION. 


a) 

Commanding Officer*’ 
Quarters. 

(2) 

Field Officer*’ Quarters. 

(3) 

Officers’ Quarters. 

(ID 

Regimental Stores. 

Fret, 

2 Sitting-rooms 20X18 

2 Bed-room* . . . . 20 x 18 
2 Servants’ rooms. . 16X13 
Kitchen, scullery, larder, 
water-closets, and other 
out-offices. 

Feci. 

1 Sitting-room .. .. 18X18 

1 Hrd-fuotU 18 X 16 

1 Servant’s room . . . . 16x13 

Water-closet, small yard, and out- 
boUse. 

Feet 

1 Room each .. .. 16X16 

Servant’* room, fur t > la 

officers f 18X16 

Water-closets, 1 for 4 officers. 

; Sink, 
j Yard. 

| Out-home. 

| Latrine. 1 for 10 servants. 

Feet. 

Bread-store .. .. la x 16 

M rat-store 1* X 16 

Clot bing-f tors .. .. 35 x U 

Ks|**ti*e magazine. 
Shifting-room. 

Yard. 


(4) 

Mesa Establishment. 

F.H 

Mere-room . . 45 X 25 X 1* 
Ante-room 30 X 35 

No. 3 water-cUnelv 
Unnal* and lavatory. 
Mere-waiter's room 18X14 
.. 18X12 

P.»n try. w ash-np room. 
nUMMt 

VY 1 1 m* - cellar and smaller offices 
at rear. 


(5) 

Mere-man's Quartan. 


(6) 

Non-com. Officers’ Quarter*. 


Ftft. Fact. 

2 Living-rooms .. .. 18X«6 Irt cUw Staff-sergeant, ) v .. 

Store 10X12 1 rooms t 

Reer-celUr 18X16 2nd claw ditto, I room 16 X U 

Mcas-kitriwn 25 X 20 | WatM^kNl, 1 on each floor. 

Scullery 1SX12| Sinks 

larder 18 X » 

Coal-atom 
Wnlrr-closrL 
latrine for servant*. 

DrinaL 


Ablutioo-room for men 10 X 10 
,, women 10 X 10 
Ijairiues and urinals. 


( 0 ) 

Married Soldiers' Quarter*. 


( 0 ) 

Soldiers' Barracks. 


C7; 

i Sergeants’ Mess Establishment. 

Mere-ronm., .. 40 X20 X 13 

I Store 12 X 10 

I Kitchen 20 X 20 

.Scullery 15X12 

! I Aider 15 X 1.6 

Heer-celUr. 

Owl-cellar. 

' Cook's living-room . . 20 X 15 
Yard. 

latrines. No. 2. 

Urinals, No. X 

j Shed 10X8 


( 10 ) 

Orderly, Guard Itooma, Ac. 


Feet. 

1 Room each.. .. 16x14 

W*ter»elo*et and sink, 

1 to rirb floor. 

Men’s ablution-room. 
Women’s 
4 Men's latrines. 

4 Women's latrine*. 

«t t Children's ,, 

Urinals. 

Yard. 

Wash-house . . . . 46 X 20 

Laundry 24 x 1" 

Baih-room . . 2*' X 6 

lirying-groond according to 
available space. 


Divine Worship. 


Feet. 
80 X 58 
25 X IS 
14 X 11 
14 X 11 


Chapel school 
Infant school.. .. 
•Teacher's room . . 

Bed-room . . . . 

Kitchen and offices. 
Playground. 

8« b<<ol masters’ quarters aa 
Slsff-renreant*. 

Latrines for boys and girl*. 


Fart. | 

Non-com. officers’ mess, ) . , 

1 room .. .. ..} ,4XH 

Soldiers’ room*, No. | 

:w. for 31 men > 70 X 20 X 12 

each } 

A Million- room*. 2iu 38 14 X 10 
Night -urinals. No. 38. 

('cM>k-lioasea, Nn. 2 40 X 20 X 14 
I .a trine*. No. 48 cumpari- 
meniL 

Urinals. No. 48. 

Bath-house, Non • com. V ,, v « J 

officers' ^ 17 X 5.8, 

Bath-house, soldiers’ ..27.6X17 
Attendant’s room .. 17 X ® 

Shed for tools .. .. 20X10 


Canteen Establishment. 

Feet. 

Canteen shop .. .. 18X16 

. . bar 30 X 8 

store 16X10 

,, cellar .. .. 16 x 7 

,, No. 2 .. 18X16 

Tap-room 50 X 26 

No 2 living-rooms tori., . 

can teen- man .. 

Kitchen and scullery. 

Yard. 

Latrines and urinals. 


Orderly-room . . . 

Clerk's room 
Paymaster's office 
G mud-house . . . 

Guard-room cell*, N* 
Prisoners’ room 
Niuhl-uriual. 
Ablution-room. 

No. 2 latrines. 

No. 2 urinals. 
Armourer's s iop 
Armourer’s store 
SI »oe maker's shop 
Tailor's shop 
Master tailor 


Fret. 
18 X 12 
24 X 18 
18 X 14 
21 X 18 
IMX * 
24 x 18 


13 X *3 
13 X 13 
20 X 1 8 
24 X 18 
18 X 16 


Means of Recreation and Exercise. 

Feet 

Game-room . . 65 X 30 x 1 6 
Reading-room . . . . 5o x 30 

library 14X11. 7 

Coffee-room .. .. 16X12.4 

latvatorW 16 X 8 

Librarian’s room 14 x 1 1 .7 

2 lied- room* 14X11.7 

1-a trine, 3 entnpartmenta. 

No. 2 urinals. 

No. 2 fives’ courts 55 X 30 
Cricket- ground. 

Skit tie -ground. 

Gymnasium . . . . 80 X 40 

Instructor's and dress- ) 

Drill-ground, as space permits. 

I hill-«bed. 

Practice-room for band 27 x 18 


Cell Establishment. 

Feet. 

(Proportion 2 per cent. 

on accommodation.) 

No. 2noelb ..12X7.6X10 
1 Sink and urtnal on each 
floor. 

1 Water-closet ditto. 

Ijstrine in yard. 

Sited for shot-drill . . 40 X 31 
Kxerdae abed . . . . 50 X 10 

Kitchen 18 X 14 

Yard. 

Pro viet -sergeant’s quarters as 
for Chum A. 

Staff. 

Owl-store. 

Water-dosct. 


Barrack-mailer's Establishment. 


Feel. 

Barrack office .. . . 18X14 

Barrack-rergeants' quar- 
ters as Staff-sergeants. 
Foul-bedding store . . 20 x 20 

Unserviceable store* 3J x 20 

Meat-* tore 30 X 20 

Cud-yard 80 x 60 

Coal-shed 6o x 30 

Enginr-bourne. 
ladder -shed. 

Meter bouse. 

I a trine and urinal. 

Hospital establishment See 
JHotpu'aL 
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Block-plan of Cavalry Barracks, Dundalk. 


Cavalry stables, when they do not form a part of the range as above mentioned, are generally 
placed liehiud the main building*, and are either built doobfik thftt iK, with two rown of stalls and 
a passage between them, or single, with one row of stalls— in either case, the stall being considered 
as the unit. The cubical space allotted for each horse is about 1200 ft. The double stables have 
a width of 30 ft., the single 17 or 18 ft., with an average height of 10 ft. The size of the singlo 
stall average* 0 ft. 0 in. from the wall to outside of heel-post, and the width 5 ft. 7 in. The width 
of a stall for an officer’s horse being G ft. Officers’ stables have saddle-rooms, and separate hay 
and straw stores, with doors sufficiently large to admit a carriage. The stable accommodation 
provided for officers is that of the number of chargers they are entitled to draw forage for. Hospital 
or infirmary stables are also provided, in the proportion of 6 boxes and 14 stalls to every regiment, 
at the present establishment of 253 hones. 

The drainage and ventilation of our cavalry stables are now carefully attended to. Ceilings to 
stables were formerly considered os indispensable, yet many are in favour of open roofs well ven- 
tilated at the ridge, and the under-side or rafters lathed and plastered to prevent the fall of dust. 
The stalls are generally paved with granite pitchers, 6 in. x 3 in., laid diagonally in Portland 
cement to a slope from front to rear of 1 in 80, and falling from the centre of stall to each side 
1 in 40, with a dressed channel of stone or terra-cotta emptying into a trapped underground drain 
outside, and quite clear of stables. Local materials, however, in many cases, may be used. 

The fitments of all cavalry stables Are of cast and wrought iron, of a uniform established 
pattern. Figs. 557, 558, 550. The horses of the privates are separated by swing bales of hollowed 
wrought iron, 2} in. diam. The hay-racks and mangers are horizontal, supported by cast-iron or 
atone corbels built into walls. The use of the old-fashioned over-head hay-rack and wooden 
manger is discontinued in all military stables. 

The walls of officers’ stables are boarded to a height of 7 ft., and the stalls separated by 1} in. 
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tongucd oak partitions, let into east-iron capping and sole-pieces, The external doors aro double, 
hung in two heights, and a awing window is provided for every stall in both single and double 
stables. A {terfomted course of air-bricks is built under the eaves, and an air-brick, 9 x 9, in 
walls tJ ft. above floor betwoen every two stalls. 



Wrought-iron corn-bins are provided in each hay and straw store ; and in the troop stables the 
saddlery is kept on wrought-iron brockets, screwed into the heel-posts of eftst iron. Officers* 
saddle-rooms are provided with a small stove ; and gas and water are generally laid on to all stables 
where practicable. 

65 ». 658 . 

Cast Iron 


Slevet/San of ftasA+Mcirrffiv 

Stables should bo placed from 30 to 
40 ft. in rear of the men’s quarters, and 
large corridors, covered with glass roofs, 
should be formed l»etween them, so as to 
afford shelter to the men attending the 
stables in wet weather. At other times 
they can bo utilized as drill-shods. Tho 
litter-stalls, manure-pits, Ac., placed in 
rear of stables. 

The following buildings are generally 
included in a project for a cavalry barrack : 

— a riding-school; stores for forage, accord- 
ing to local circumstances; forges; shoc- 
ing-sheds ; medicine-room ; litter-stalls. Ac. 

(and where artillery or military train are 
quartered, provision must bo made for gun 
and carriage sheds, Ac., Ac.) ; workshops 
for saddlers, harness-makers, Ac. 

In 1858, when prizes were offered for 
the best designs for barracks for infantry 
and cavalry, Mr. H. Wyatt obtained that 
for the latter, and afterwards prepared 
plans for a cavalry barrack at Nottingham, which, however, owing to some local difficulties as to 
site, Ac., has not ns yet been carried out. The synopsis used by him and all the other competitors 
was from the Blue-Book containing the Report of the Committee on Barrack Accommodation in 
tho Army, with the Minutes of Evidence, dated 1855. 

Caxmated Barracks . — In nearly all our recently erectod fortifications, convenient bomb-proof 
barracks or casemates for the garrisons are provided, with all tho necessary store and other 
accommodation, and forming a vast improvement on the old casemates at Chatham, Cork Harbour, 
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Plymouth, and other places, which were so justly reprobated by the Barrack Commission. The 
new casemated barracks thus constructed will allow the War Department in wane degree to make 
up for the loss of accommodation caused by the enlarged cubical space now allowed to each man, 
without any )mrticular outlay for this specific object. Properly arranged, a coaewated barrack is 
quite as dry and healthy as one of ordinary construction. 

Temporary Barrackn . — For some time prior to the Crimean war, the formation of large camps, 
composed not of tents, but of buildings of n more permanent nature, and capable of accommodating 
not one or two regiments, but a large corn tTarm/e of from 10,000 to 15,000 men of all arms, and 
necessary war material, had found much favour in the eyes of the military authorities. Com- 
mencing with the eneampment on C'hobham Heath in 1853, the great military camp at Aldershot 
was next projected in 1854, the site being on a vast expanse of waste land or heath on the 
borders of Hampshire and Surrey, within a convenient distance of the metropolis (about 35 mile*) 
and our great naval arsenal of Portsmouth, and easily reached by the South-Western Kuilwny, 
which passes within b short distance of it. Aldershot can now accommodate 20.000 men ; and 
probably up to this date not less than 1 h million sterling has been spent on it. 

Another grand training-camp for the troops stationed in Ireland is that of the Curragh, 
situated on the vast plain of that name in the county of Kildare; it was formed in 1855 for 
10,000 men, but is now capable of accommodating many more. There are also large temporary 
barracks at Colchester ; Purkhurst, in the Isle of Wight; Chichester; and Shornrliffe, near Dover. 
The huts of these (* 011111 * are principally of framed fir. clap-boanled, and covered with asphalted felt, 
with a central nucleus of trick fire-places. The framing is raised off the ground by brick sleeper- 
walls in every case. 

The original temporary buildings are being now, especially at Aldershot, gradually replaced 
by others of a more iterinamuit nature. 

The sanitary arrangements, water-supply, roods, Arc., of our large ramps are generally satis- 
factory, and the health of the troops better than in barracks sitimted in large towns. 

The principle of construction in our temporary barracks is simply the arrangements of the 
different units of accommodation for soldiers' and officers’ huts round a series of square* ; in the 
Curragli Camp these squares have an area of 380 ft. x 300 ft. for drilling purpose*. The soldiers* 
huts are of a uniform size. 40 ft. x 20 ft., and accommodate 25 men each. The officers’ huts are 
divided into 8 small rooms about 9 ft. square, and the sergeants* something similar; so that space 
is economized as much as jxwsible. The officers of higher rank are of course better accommodated ; 
but married officers have a just cause of complaint in tiie very limited space allotted to them, and 
the wooden buildings in winter afford anything but comfortable lodging to their occupant*. The 
cost of a soldier’s hut may Ik* estimated at 85f. each. 

In Parkhurst Barracks the hut* are covered with a rebated tile, which extremely resemble*' 
brickwork, and forms a very warm and durable covering. 

The arrangement of the old Roman camps, as described by Polybius and Hyginus, might l>e 
studied with improvement by modern military engineers. 

Mian Barrack *. — Very extensive improvements have of late years taken place in our Indian 
tarrock*. involving indeed nearly a complete reconstruction. A cubical space of 1500 ft. per man 
is now allowed, and all the buildings are raised some feet from the ground, and surrounded on all 
side* with a verandah, 10 ft. 0 in. wide. A barrack-room for 24 men — and they seldom hold less — • 
is 100’ x 24' x 15'. They never exceed two stories in height. Ventilation and drainage arc care- 
fully looked after. They are wanting in none of the conveniences and luxuries (if they may be 
termed so) of our modern home-barracks. A sum of not less than 10 million* sterling ho* been 
lately provided by the Indian Government for the purposes of barrack improvement and recon- 
struction. showing how vastly important this subject i* considered in our Indian empire. See 
'Suggestions fur Improving Barracks at Indian Stations,' issued by the Secretary of State fur 
India, 1864. 

Foreign Barracks . — On the Continent, barracks are much rnnre numerous than in England. 
They are generally on a much larger scale and with greater architectural pretensions, although 
very often deficient both in material comforts and sanitary arrangements; their position, too, is 
more influenced by political considerations than English barracks are. The men* quarter* in 
continental cavalry barrack* are, like many of our own. often placed over the stables. Generally 
speaking, the soldiers' quarters are airy enough, though cold and comfortless in winter; and our 
expensive and well fitted-up officers' quarter* and mess establishment are altogether wantiug. 

The great foreign camp* at Chalons, in Rhenish Prussia, Silesia, &c,, are on a much more vast 
scale that any of ours, and have their hut* generally formod of surf or wattle, thatched with reeds 
or *trow ; but these are only occupied during the exercise months in summer and autumn. A 
French hut to hold 20 men is 6*50 metre* long and 4 '35 wide, and 3*30 high to ridge. See 
Laisnca’ 'Aide Memoire,’ p. 51*8. 

In France, sailors a* well as soldiers and marines are provided with barracks at all the largo 
naval station* — a system which might l>o very advantageously adopted by this country, instead of 
allowing our seamen to disperse over the face of the land when their ships are paid off. 

BARRAGE. Fn., Barra/f* ; Grit., Hamm SchUujbaum ; Ital_, Chiusa ; Span'., KstacaJo. 

Barrage is a French term, and signifies, in an engineering seuae, the hairing of a river or other 
watercourse by artificial means, in order to facilitate navigation or irrigation in mrta where the 
incline is too rapid, and the quantity of water — from that or other causes — would be insufficient 
for those purixwes were it left to spread freely and in waste over its normal bed. 

lu mountainous districts and hot countries, hut more especially in tropical climes, the rivers 
are all subject periodically either to a gnat excew of water or to an almost total want thereof. 
To-day they are raging torrent*, Hooding and devastating the neighbouring country ; to-morrow, 
mere streamlets, often fonlAble, and frequently reduced to the 400th part of their ordinary averago 
volume. 
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Such Irregularities exercise a most detrimental influence orer the interests of the populations 
where they occur. The agricultural prosperity of India, for instance, suffers greatly from these 
muses ; for there, unless aided by artificial irrigation, all cultivation must necessarily cease during 
the dry season. 

In Dt-werara, Surinam, some parts of Georgia, and a few other places, the evil is in a measure 
guarded against by the facility which those countries possess of cutting canals and obtaining water 
from the interior ; but, as a rule, it may 1* said that there is a total absence in all tropical lands 
of that due provision for regulating the supply of water which is of such vital importance to the 
welfare and prosperity of every country. 

It is not our province to dwell upon the physical causes that determine this state of things ; 
but. having referred in a cursory manuer to the very serious damage to commerce and agriculture 
arising therefrom, we projiose to lay before our leaden, as concisely as possible, some of the most 
successful remedies which the engineer’s art has from time to time suggested in counteraction of 
the evil. There is, however, a peculiarity appertaining to the great tropical rivers running 
through countries having dry seasons, and crossing deltas or alluvial plains, which it may ho 
interesting to mention. It is the fact that the beds of those rivers are sometimes as high as remote 
parts of the neighbouring country, while their borders are much higher; so that the overflow 
diverges at nearly right angles to the direct flow. The cause of the bed and sides of these riven* 
rising above the natural level of the surrounding plains is due to the earthy matter, held in sus- 
pension by the natural flow, being deftosiUd in proportion as velocity U diminished. 

There are two kinds of barrage, the Barrage anil the Barrage-mobile : early examples of the former 
are found in the permanent dams placed across streams and watercourse*, so ns to increase or main- 
tain their depth, for the purpose either of rendering them navigable or obtaining a fall with the 
view of profiling machinery ; the surplus water, in such cases, being conducted through sluices, 
or over by-washes, dams, tumbling-bays, or overfalls, prepared to curry it off; and, in the event of 
floods arising in the river, additional sluices being opened, in order to prevent it overflowing and 
injuring the side-dams and adjacent property. Works of this nature may be seen on the Thames, 
on the Arno at Florence, at the reservoir of uroa-Boio, on the Canal do Bourgogne, on the Vesoult, 
at Courbcton, at Cohflana-our-Seine, and on numerous other canalized European rivers; and 
although they will hardly bear coinpAriaon, in point of magnitude, with those executed in tropical 
regions, nevertheless many of them are of sufficient importance to deserve special mention in the 
course of this article. 

Bakrage-fixe is the term applied to permanent dams, built of masonry. 

Barilag e-mobile, or movable barrage , is that which cun be raised, lowered, or removed at will, 
and is formed partly of masonry, partly of timber. 

The most simple form of barrage-mobile is that represented in Fig. 5C.0, where the current of 
water {lasses between two lateral walls, whose intervening space is partially closed by a certain 
number of small beams A, A', A", A'", 
superprwsd, and forming an overfall by 
which the liquid flows into the trough 
below. The auv&ntagu of this plan is, that 
it enables the ridge of the weir to be height- 
ened or lowered at pleasure, and with very 
great facility. 

A rather remarknble phenomenon is 
connected with this sort of barrage. When 
it is required to raise it, another beam B t 
floating in the upper trough, is borne by 
the stream till it reaches B', where its ex- 
tremities rest against the rabbets that secure 
those already fixed ; but no sooner has it attained this point than it is seen suddenly to sink, 
falling straight on to the beam A"’, and thus taking up its allotttd position as if by instinct. 

This fact is easily explained. The space that separates tin* beams A'" and B’ forming a kind 
of adjutage, the pressure upon the under surface of B' becomes less than the atmospheric pressure 
exerted upon its upper surface (see Hydraulics). The beam acts, therefore, in obedience to the 
difference of those two forces augmented by its own weight. 

It must be observed that the first b«un» A, A', which have to be put beneath the level of the 
lower trough, do not sink thus naturally into position : in order that the phenomenon may take 
place, they must already be in sufficient number to rise above the surface of the water in tho 
nether 1 rosin, so os to produce a fall. 

A difficulty arises in ascertaining the exact coefficient of the expenditure of fluid, by a dam or 
overfall, which it is important to point out before proceeding further. 

An Oterfall is an orifice, open at tho top, and the lower part of which presents a flut. horizontal 
surface called a Sill, The lateral edges being generally vertical, the opening may be ronsidered as 
a rectangle, of which the upper side has been removed; this assimilation would still be admissible 
even in a case where the length of the sill, in relation to the thickness or depth of the sheet of water 
passing over it, was very great. 

Let L bo the length of sill ; 

y the vertical distance betwpen the sill and the surface of tho liquid at some point of tho 
reservoir where it would be comparatively stagnant ; 

Tf the thickness of tho sheet of water passing the overfall ; 

Q the expenditure in a second of time. 

The water l*eing supposed to flow freely into the open air. we find that for one molecule, 
starting from the reservoir without any sensible initial velocity, and actually traversing tho 
vertical plane of the sill, the load varies from y to y — if, which shows at once that n roust be 
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smaller than y ; for, by virtue of Bernoulli's thoorem (sec Hydraulics), no flow can tAke place 
where the load is negative. The velocity corresponding to the mean load will therefore be 


v/ 


2 a 


('-iO' 


and, as the section of the orifice is represented by L ij, the theoretical expenditure will bo ex- 
pressed by L jj v/ 2j(y- { >t)- If.tten, we designate by m the coefficient of expenditure as 

applied to the flow in the present instance, wo shall havo Q = m L ij y/ d)' 

In the foregoing expression ij and m are unknown auxiliaries that no theory has been able yet 
to determine. The only thing we know is that rj must be smaller than y, and ex|>erieneo shows 

that the ratio — is inconstant, but that it rarely descends below O' 72 for overfalls having a 
y 

narrow sill : we will suppose, therefore, its mean value to bo equal to O' 86. As regards m, since 
it varies very little with tho load or the dimensions of a narrow-edged orifice, we may reasonably 
assume it to be equal to the mean 0-62. We thus obtain 

Q = 0*62 x 0'68 Ly J 2y x 0*57 y 
= 0 ' 403 L y 2 y y. 

In reality, if we put Q = r Ly J 2 y y, r being a ratio that can only be determined experi- 
mentally, it is evident that it has not a constant value. MM. Poncelet and I>?sbros, in 
experimentalizing upon a narrow-edged overfall, 0“*20 in length, and sufficiently distant from 
the bottom and lateral sides of the reservoir, found that r varied from 0'385 to O' 424 ; its greatest 
value corresponding to the smallest loads. Tho mean of these two numbers is O' 405, which differs 
but little from the result 0-403 obtained above. 8o that for narrow-edged overfalls, placed at a 
sufficient distance from the bottom and sides of the reservoir, and flowing freely into the oj>en air, 
we find Q = 0*405 Ly •/ 2 y y nearly : but this formula may give a result either a little too great 

or a little too small, according as the ratio -=— is great or small. 

L 

It is very difficult, even by approximate valuations, to keep an account of all the circumstances 
and local conditions that may tend to influence the value of r. We may observe, however, that if 
a canal be barred across its entire width by a narrow-edged overfall whose sill is tolerably distant 

from the bottom, and if, at the same time, be small, it would be advisable to make r a little 

L 

larger, and to put Q = 0-45 Ly V 2 yy, or, which is the same thing, Q = 2 Ly^ • 

We will now cite a particular and rather remarkable case, inasmuch os it shows how theory 
may give on increased limit to the coefficient r and M1 

the corresponding value of ij. It is that where the 
sill B of the overfall, Fig. 561, widening at its junction 
with the reservoir, is prolonged by means of an open 
channel, slightly inclined, wherein the liquid acouires 
a sensibly uniform motion. Then the common velocit y 
of all the streams (Missing A B is *J 2 y (y — ij) « 
and, as there is no further contraction beyond tho 
above section, the expenditure Q is given by the 
formula Q = LijV 2y(y — ij). 

When L and y are invariable, Q becomes a function of ij only, and its maximum is easily 

QJ 

found. For, in fact, ~~ = vj’ (y — tj) = yn 7 — V s • the maximum of the second member, and 
2y L 3 

consequently that of Q, is found by making the derivation taken in relation to rj equal to zero, 

2 

which gives ij (2 y — 8ij) = 0, whonce ij = - y, since ij — 0 would lead to an expenditure that 



tr — i- 




would be nul. Then, in the expression of Q, by making rj = - y, we get 

Q = = Ly V2yy = 0 385 L y V 2 y y. 

3 tj 3 

Tho surface depression y — i> corresponding to the maximum expenditure is, therefore, one-third 
of the height y, and the value of the corresponding ratio r is 0*385. As the theoretical hypotheses 
are never completely realized in practice, if the sill of the overfall be followed by a channel, r will 
very rarely attain the superior limit O' 385. According to MM, Castel and Lesbros, tho mean 
expression for an overfall liko the present would be Q = 0*85 Ly */ 2y y ; but here again there 
may be a very great variation in the ratio r between one overfall and another. 

When, in lieu of there being a comparatively stagnant reservoir above tho overfall, there is a 


current with an appreciable velocity U,, the expressions 


V 


2 9 


■M”) 


and 
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considered above, no longer represent the velocity of the streams of liquid passing over the sill. If 

\ i _ n i 1 u* IT * 

we call tliat velocity IT, Bernoulli's theorem then gives — ^ — “ = V ~~ % or — — * = y — i?. 


according ns the question hns reference to an orifice discharging freely into the air, or to one 
Followed by an open channel. 

Although, in a general sense, it is possible to tell, with a sufficient degree of exactitude, the 
velocity with which a liquid flows from a narrow-edged orifice — whether that orifice be plane, or 
widening towards the interior of the reservoir, or followed by an open channel slightly inclined— 
there yet remains one quantity of far greater practical importance, which, unfortunately, it is not 
so easy to ascertain, and that is the expenditure. This last depends not only upon the velocity 
with which the molecules jinas the plane of the orifice, but also upon the angle's nt which the 
several liquid streamlets intersect that plane, angles that varjr from one point of the orifice to 
another according to laws at present unknown. The only positive assertion that can be made is, 
that the real expenditure of water is Una than the product of the arm of the orifice by the velocity 
of the streams traversing it. which quantity 1ms been improperly termed the theoretical expenditure. 
We have indicated several numbers which, in certain special cast's, will afford on approximate 
solution of the question. In reality, however, in each of those particular cases the coefficient of 
expenditure is inconstant, and varies according to secondary circumstances, whose influence is very 
imperfectly known, such as the dimensions of the orifice, and its position in relation to the lsittom 
and sides of the reservoir. Consequently, the only advice we can give, when the approximation 
obtainable by the mean coefficient* of expenditure which we have indicated is not deemed suffi- 
ciently satisfactory, is to select from known collections of experiments those that bear the closest 
relationship to the ease under investigation, aud to borrow therefrom the coefficient that appears 
to be the liest applicable. 

The Tables at the end of this article, and which are taken from the more complete and extended 
ones published by MM. Lesbros and Poacelet, give the coefficients of expenditure which wo con- 
sider the most useful in practice. 

The abrupt sectional changes that take place in watercourses give rise to various problems 
that are of gnat interest to the engineer. I nfortunately, the actual state of science renders it 
impossible at present to solve them in so satisfactory a manner as would be desirable. In the 
following example, theory supplies us with a few data— incomplete and inaccurate, no doubt, — but 
capable, nevertheless, of being utilized in practice. 

Under ordinary circumstances, the sill of the* barrage is higher than the level of the water in 
the lower trough ; but, where the current is variable, it sometimes happens that the latter rises 
above the weir, as shown in Fig. 502 : the barrage is then said to tie noyC, or tubmergtd. 

Let us sup|) 08 c a barrage, or overfall, to l»e thrown across a watercourse, of which the level — 
and consequently the exjs'uditure— are variable : in order to simplify ns much as [tossible the cal- 
culations that have to be made, we will imagine the channel iu the vicinity of the Iwrrage to lie 
rectangular and tho bottom horizontal. The expenditure having a definite and known value, it is 
required to find : 1, the greatest height to which the lower level of tho water can rise without in 
any way affecting the upper level ; 2, in the ease of that limit being exceeded, what would be the 
nature of the fall that would ensue from the upper to the lower trough. 

I-et L he the width of the current ; /«„ its depth above and a few metres from tho weir: U, its 
mean velocity ut tlmt point : h and U analogous quantities for a section taken a little below the 
full ; c the height between the crest of the weir and the bottom ; r the velocity of the sheet of 
liquid passing over the crest; y the thickness of that same sheet of liquid. 

There being no lateral contraction, if the barrage acts as a narrow-edged overfall, the expen- 


diture Q will be given by tho formula Q = 0*45 L ^A # — c -f ^ 2 g ^A, — c + ^ 7 ^* 

If the crest, instead of lieing narrow-edged, happened to be of some considerable length, with 
a slight incline, then the coefficient 0*45 ought to undergo a certain reduction, and descend to 
0*385, or even to a lower number, such as 0*36 or 0*37. The formula bolds good »o long as tho 
overfall empties itself freely into the open air, to accomplish which it is necessary only that 
the level of the water in the lower trough be 
beneath the crest of the weir. When it exceeds f 

that point, but only by a quantity leas than ij, it 1 R C 

appears evident that the formula must not lie modi- L_ _- 

flea; the very utmost that enn happen is that the f 

streamlets, losing their parabolic form, ami becoming 32 * — > fl "T jr 

parallel as they cross the overfall, a* in the case j* i 1 

when this latter is of any gnat thickness or width, 

the numerical coefficient would have to be reduced, * i 1 

ns just stated ; which would tend slightly to raise C E d 

tho level above the weir, the expenditure remaining 

the same. In examining the question more closely, it is seen that the level below the weir may 

Kn hi i^ifl nirnn I'.if irtf Ik-liI . n i* I., . . _ . .. .1 1 A 


and the section C D where the velocity is U, it will at once tie found that the algebraical incre- 
ment of the quantity of motion of the system projected along the horizontal line during a very 
nQ0 

short space of time, 0 , is (U — r), admitting that all tho molecules of the same section pos- 


sess the same velocity. 


As to the impulses, we need only keep account of those produced by the 
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pressure on tho surfaces B A E and C D f disregarding the atmospheric pressure which acts uni- 
formly upon the entire system. These pressures must accord very nearly with the hydrostatic law, 
in the first place because the streams are ostensibly parallel as they traverse A B and C D, and 
because the motion of the liquid in contact with A K is comparatively slow; hence the value of 

the projected impulse is ~ n 6 L |(c + tj)* — A 3 j. We have, therefore, 

5|-(U-r)= I n*L{(c-,)>-*>}: 

2 0 Q 

or, by simplifying, — (1J — r) = (c -f i*) 2 — A a . We moreover have — = r tj = U A ; and, by 
L g L 


eliminating Q and U, the former expression becomes ij ^ — 1 ^ = (c + rj) 9 — A 5 , equation 

of the thin! degree in A, whence that quantity might be deduced if r and i? were known. In order 
to find those unknown auxiliaries, it must be admitted, in conformity with what has been seen in 
the theory of the overfall, that the surface depression A- — » — c. above tho fall, is connected 

with the total load upon the sill by tho equation 3 1 A # — n — c + J = A # — c -f • whence we 

( U 3 \ 

A 0 — c 4- in combination with 

Q = 0-37 L (k. - c + g) V^-c + g), 


in order to find tj, would givo Q = O' 37 L x |,n/. 


2 < 7 X^i»= 0 , 68 LijV 2gri. 


Having found ij, we calculate v = - — , and we thus obtain the necessary elements to arrive 

L TJ 

at the numerical value of A. If, on tho other hand, the depth of water below the fall were to 
exceed the aforesaid limit, what would be the depth above the weir? 

In order to answer this question — supposing the expenditure Q to remain constantly the same — 
let us indicate the alteration that takes place in ij, r, A g , U t , A, by ij‘, t', A' # , U’,, A': wo then get 
tho following equations : — 

^ <•+«■-* s-s-*-.— v. ^ 

whereof the first and two last are known ; the second is an immediate application of Bernoulli’s 
theorem to the passage of a molecule from the section F G, where the velocity is U' # , to the section 
A B. By menus of these four equations the unknown quantities V, s', A' # , U' # , may be deter- 
mined. when Q and A' are given. The thickness if of the sheet of water A B cannot be calculated 
by the some expression as ij, because the barrage acts no longer as an overfall. 

The influence of a barrage, when submerged, becomes less and loss perceptible ; that is to my, 
the fall A', — A' grows smaller and smaller as the level of the water below the weir rises. This 
will be understood a priori without any mathematical demonstration ; for, if the barrage lie covered 
by a aheet of water much higher than itself, it will then occupy but a small fractional portion of the 
transverse section, and thus, in a measure, may be compared to a slight undulation of the bottom. 

Batmu-vanne, or floating-gate, is the name given to a sort of self-acting, movable barrage, 
invented by M. Sartoris, and which, in point of simplicity, comes next under our notice. It is 
uaed chiefly for purposes of irrigation, and for regulatiug the supply of water in mill-ponds, and 
is a* follows : — 

A caisson, or boat as the French term expresses it, A A, whose transverse section is rectangular, 
rests against two Btone piers, the space separating 663 , 


these being partially closed by a platform B B , 

Fig. 563, raised above the w>ttom CC of the 

river. The water passing between A and B has 

a certain velocity U, while the streams that * ^ , N 

pass beneath the boat have a less velocity U'. 

If we coll A the height of A below the level N, ~ ■ =_• -£. 

we have = A. On the other band, if, - -- ~ 

within a given section D D J , all the streams ~ ~ J7~_~L Tj~- ^ 

could be reckoned as parallel and having an _J 

equal velocity, and a and b were taken to desig- 
nate the heights A B and D D 1 — the opening 

being supposed to be rectangular — the incora- C Cl 

pressibility of water would give U a = U' 6, 
which relationship is necessary in order that 
the mass of water comprised between A B D D' 

may remain always the same. Finally, by upplying Bernoulli’s theorem to a molecule passing 
from the point D, with a pressure p' and a velocity U’, to the point A where those quantities 
become p and U, wc have the equation 

p'-p u* - u* 
n * 2 g 
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From these three relations it ia not difficult to deduce 



This calculation of the pressure p' upon the bottom of the float may be a little uncertain, espe- 
cially as the velocities of the molecules that traverse the section 1) I)' are not all equal, and the 
converging of the streams towards the orifice A it prevents them also being horizontal ; hut it is 
quite suflicieut to show that />■ must be greater than p, and that the excess increases with A. The 
weight of the l)oot and its friction agninst the piers may sometimes be inadequate to establish 
equilibrium with the vertical force produced by the excess // — p: in that case this is what is 
done : on the side facing the up|»er trough ore several cocks, by means of which water enough is let 
into the caisson to balance it in the position it is intended it shall occupy. If it be required to sink 
it lower, more water is let in ; if, on the contrary, it has to l»c raised, another set of cocks, facing 
the lower trough, are opened, the water flows from them, and the boat rises os it become# lighter. 

The two following styles of flood-gate are by M. Chaubart. They have been tested on the 
canal that borders the Garonne, with very satisfactory results, and for which the inventor received 
great praise. It would Mem, therefore, that they may be serviceably employed for purposes of 
navigation end irrigation, as well as in regulating the level of mill-ponds. We have thought proper 
to introduce them here because they bear a rather close relationship, iu principle, to a system of 
barrage-mobile now getting into very general use in France, and of which we shall presently have 
to apeak at some length. 

first flan. — A canal, whose section is rectangular, is closed by an inclined gate A B, Fig. 
5G4, occupying its entire width. To this gate is permanently fixed a quadrant C I), made of cast 
iron, which rolls on the horizontal plane K F. When 
the gate is in its initial position, the level X of the 
water touches its summit, and it must lie so arranged 
that the resultant of the forces of gravity and the pres- 
sure of the water, acting upon the apparatus, shall pass 
through G, the actual point of contact of C D ami E F. 

Equilibrium is then established . But if, from any 
unforeseen cause, it ao happens that more water comes 
into the trough above, anti that the level X rises, the 
centre of pressure rises with it. and the resultant ad- 
vances in front of G. The gate then swings cn bascule, 
till it assumes the position A' B , and the point of con- 
tact of the curve is removed from G to G', while tho 
surplus water runs off both at A' and B\ 

It may so happen, when in this new position A * B r — if the curve C D has been properly deter- 
mined — that the resultant will pass through G after the level has returned to X. In that case it 
is clear that the gate will remain in the position A' B’, and that it will only quit it when a further 
rise -causes its angle of inclination to be increasetl, or when an additional fall in the level forces it 
to right itself. In a word, whatsoever position it may assume, it will only remain in equilibrium 
no long as the level of the water in the tank reaches its normal height : — a greater height will 
widen the outlet, a less height will contract or close it. The apparatus may consequently be used 
to ensure a constant level of water in a reservoir where the supply is variable. 

Second Plan. — By the aid of the gate just described, M. Chaubart has solved, as we have seen, 
the problem of obtaining a constant level in a reservoir where the supply is variable. Xow, on the 
contrary, it is wished to get a constant ami equal supply of water through a rectangular opening 
in a tank where the few/ varies. We will explain in what manner M. Chaubart has effected this 
object. 

When in its natural position, the gate A B, Fig. leaves a free outlet for the water between 
its lower edge and the bottom of the basin. The level X of tho water, being now supposed to liave 
attained its maximum height, nearly touches the top A of 
the gate, while a certain given quantity Q of water is dis- 
charged, in the unity of time, by the above rectangular 
opening whose dimensions are known. The gate is kept 
in equilibrium by the line A B resting against a fixed 
curve C C' C M , and the resultant of the actions exercised by 
the pressure of the water and by gravity posses through 
the point of actual contact C. When the level falls to X', 
the total pressure necessarily diminishes in proj>ortion, 
and the gate swings m bascule till it finds another position 
of equilibrium A'B', which line rests upon a different 
point, C', of the fixed curve ; while the point B, advancing 
to B\ the section of tho outlet, on the other hand, is pro- 
portionately increased. It may easily be conceived, then, 
that if the curve CC'C" has been properly traced, it is 
uite possible for the enlargement of the orifice to compensate for the diminution of pressure, 
f, now, we call / the width of the outlet, y the height of B' above tho bottom F F', Y tho height 
of the level X' above the same horizontal line, m the coefficient of expenditure applicable in the 
present instance, the invariability of the expenditure will lie expressed as follows : 

Q = ”>'V >/ 2jTy- * y). 

from which equation may be deduced the values of Y in relation to y, and inversely. 
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Unfortunately, it is very difficult to ascertain the exact shape of the required curve ; there- 
fore, as the limits and nature of this work will not allow us to enter into a long theoretical investi- 
gation, we will content ourselves with laying before our readers an approximate graphical method. 

It must be admitted that during the displacement of the gate the straight line A B turns upon 
a certain curve, which baB to be determined in such a manner as to fulfil the essential conditions 
of the problem. In the first place, the initial point C of the curve. Fig. 505, will be known by 
taking the intersection of A B with the resultant R of the weight of the gate and the pressure of 
the water. l>et us next imagine the line A B to undergo a slight change of position in the direc- 
tion of A' B' ; during this movement it will have turned round an instantaneous and variable 
centre of rotation between C and C\ and, consequently, the approximate supposition will be 
admissible, that its entire rotation took place round the point 1), where the tangents D C and 
D C to the curve C C' meet. But, as that point is not known, it must be taken, by guess, a little 
below Cy, and the line A B is made to move at a slight angle round the centre D : in this fresh 
position, the extremity B. now arrived at B', being at a certain height y above the Ixittom F F', Y 
has to be calculated by aid of the last equation ; we then draw the new resultant R' of the weight 
and pressure, and find its intersection O' with the last position of A B. We shall ascertain that 
the point D, around which A D has been made to turn, was properly chosen if it happens to bo 
equidistant from C and (?; if that bo not the case, we shift the |>oint I> primitively adopted, and 
a second attempt will give, in a sufficiently approximate manner, both the line A' B' and the 
second point if of the curve sought. From that one we j*a«s to another, and so on, till tho 
required curve is ultimately traced by a series of points or tangents. 

Components of a Movable Hurra, je. — A movable barrage, established across a navigable river, 
comprises two essential parts, namely, tho navigable way and the overfall, see Fig. 560. 



The former is used for purposes of navigation when thcro is a suflfcicnt^natnrnl draught of 
water in tho river for ships to jkus ; the movable lifts which servo to close tho way are then laid 
flat on their platform. 

The overfall serves to maintain the level of the river at a determinate height when the harrago 
is in use ; it likewise serves as an outlet for the water while the lifts of the navigable way aro 
being raised. 

In addition to these two essential parts, there is generally, also, a lock through which the navi- 
gation takes place when the barrage is closed, see Fig. 500 ; when there is no lock adjoining, then 
the navigation can only be performed by removing the barrage and releasing tho water at certain 
fixed periods. 

The sill or platform of n navigable way should be placed at a depth not leas than that of tho 
bottom of the river above the weir. 

On the Upper Seine these sills aro 0™*00 below low-water mark. 

The sill of the overfall should be so raised that— having due regard to economy and facility of 
construction — its section, added to that of the navigable way, shall offer an outlet proportional to 
the quantity of water that flows down the river at its different periods. Moreover, it must be at 
such a height that it may give free itasengc to the waters of the river while the lifts ore being 
raised without producing too heavy a rail from the upper to the lower basin ; these conditions are 
most important 

There necessarily exists, therefore, a relation between the section of the navigable way and 
that of tho overfall ; and another, moreover, between the width of the latter and the height 
of its sill. 

The silla of tho overfalls on the Upper Seine have been placed at O'" - 50 above low- water 
mark. 

The establishment of a navigable way is a costly work ; its breadth should, consequently, not 
be greater tlian is absolutely necessary for the requirements of navigation. 

On the Yonne the breadth of the navigable wavs is 35 metres ; on the Upper Seine, between 
Monteroau and Paris, it varies from 40 to 55 metres, measured perpendicularly to the course of the 
river. 

Tho width of the overfalls ranges l**twoen 60 and 70 metres. 

When the breadth of the river will not admit of the overfall lading placed perpendicularly to 
its course, and in a line with the navigable way, it may be put obliquely, as shown in Fig. 500 ; in 
that case the angle of inclination must not be less than 00 degrocs. 
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The platform of the navigable-way should l>e of sufficient width to receive all the various com- 
ponents of the lifts, dams, &<\, when the foundations are laid upon concrete. 

On the Upper Seine, that width is 9“'50, divided into three zones, namely: two measuring l w *75 
for the piers, and the third 6 metres for the pavement destined to receive those portions called the 
movable jmrts of the barrage. The platform, moreover, must be of such a thickness as will 
enable it to resist the different pressures and forces to which it has to bo subjected. 

On the Upper Seine that thickness is 2 metres, irrespectively of the pavement. 

When the difference of level between the up|jcr and lower l«i»in is as much as 2"“ 40, as is the 
case at the several barrages of the Upper Seine, each movable lift of the navigable-way is capable 

of exercising a vertical strain upon the 
"'• s 667, platform equal to about 2200 kilogrninroes. 

If the sill were, at the sumo time, subjected 
to an under-pressure, which may very 
easily occur, it would lie necessary to fix 
at the foot of each lift a block of stone 
2 metres cube, in order to secure it. Aa 
stones of similar dimensions, however, aro 
not easily obtainable, and aa they would 
entail, moreover, many difficulties of con- 
struction, ns well as of repair, recourse 
has been had to disc anchors, which finnlv 
bind the sill to the bed of concrete liencath 
the foundation. 


an fftt Swing 


A glance at the above cut. Fig. 54*7, will make this arrangement clearly intelligible. Thoro 
is a separate anchor for every lift, and they arc fixed in position before the concrete is poured in, 
their rods or shanks being kept vertical duriug the operation. 

In the navigable ways of the Seine, the pressure in the direction of the buttress of each 
lift is equal to about 4500 kilogrammes, producing a horizontal component equal to about 3500 
kilogrammes. This component tends to make the piles of the foundations give way, and cause the 
moss of concrete to pivot towards the lower basin. When, however, the piles are wall driven in 
and bound together, no such disturbance need la; feared ; hut, ns the layers of concrete below tho 
fall may possibly he undermined by the water, it is requisite that the pavement of the platform be 
able to resist, by its power of adhesion alone, a sliding force equal to 3500 kilogrammes for every 
lift. If, then, we take 1100 kilogrammes only as representing the adhesive force of each aquaro 
metre of masonry, we find that the adhesion added to the friction gives a power of resistance greatly 
exceeding 3500 kilogrammes, so that little danger need be apprehended. 

The lift of a navigable way is composed of three principal parts, namely : 

1st. Of ft framework of timber susceptible of moving upon a horizontal axis placed perpen- 
dicularly to the direction of the current. When this framework is raised, it is supported by its 
axis, while its base rests against a sill attached to the platform of the barrage. 

2nd. Of a chevalet or stay, made of iron, and bearing the horizontal axis mentioned above. The 
lower part of the chevalet is terminated by two spindles working in sockets that are attached to 
the sill against which the foot of the lift rests, Fig. 568 ; so that this chevalet is able to turn 
upon its base, carrying with it, as it moves, the framework of the lift. 

3rd. Of a buttress of iron, the head of which forms au articulation with that of the chevalet, 
its foot resting agBinst a cast-iron shoe, firmly cemented in the platform. 

These three piece* are all that constitute the lift, and the whole arrangement presents very 
much tho uppearnnee of n painter’s easel with a picture upon it, as will be seen by the foregoing 
illustration. Fig. 567, already referred to, shows the lift raised ; A B being the framework of 
timber, O the centre on which it oscillates. A’ IV its position when giving way to the water, and 
M N its position when lying flat on the platform to allow the passage of vessels. But, in order to 
make the arrangement better understood, we give an enlarged cut representing the chief features 
of the system, Fig. 569, wherein A B shows the framework or wooden swing-gate, ah its position 
when raised, And A'B* its position when lowered, C the chevalet, and D the buttress or prop. 
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This ia the system that has l»eon aosuceeasfully and ingeniously rut intn practice by M. Clianoine 
at the celebrated barrage of Conflans-sur-Seine — of which a general view ia here shown. Fig. 570 — 
and at various other places. 

Besides the three principal com- 
ponents of a lift, above described, 
there remains yet one addition of 
some import : 

The Counterpoise . — Upon refer- 
ring to the several illustrations, it 
will be nluterved that that portion 
of the lift which is above its nxis 
of aua|M nsion, and which is railed 
the rotfe, or jfy, ia wedge-ahaped, 
getting thinner toward* the top; 
whereas that which ia lielow the 
axis of suspension is uniform in its 
thickness, which is equal to the 
thickest part of the fly. This ia 
done in order to nearly Imlanee the 

K te, giving the lower portion, 
wcver, a slight prejionderanco 
over the upper, which has a longer 
radius. The moment of the weight 
of the tiiuliera forming the lower 
part, called the m hue, or breech, is 
about 110 out of water; and that 
of the timbers of the fly is nearly 
equal to it: but when the breech 
is entirely immersed, the moment 
of its weight is destroyed by the 
very fact of immersion ; so that, in 
manoeuvring, the weight of the fly 
becomes an obstacle to the lowering 
of the breech : to remedy this it 
was necessary to apjiend a counter- 
poise to the latter. Figs. 571 and 
572, composed of a mass of cast 
iron, movable, and held and guided ^ 
by three parallel iron l»r». Fig. ^ *p 
572, along which it may slide, and U ^ 
weighing about (56 kilogrammes. 

The moment of this counterjioise, 
together with the rest of the iron- 
work of the breech, is about 96. 

In order to give some idea how 
the system operates, let us sup|*wo 
a lift to be raised and in position, 
and then observe by what means it 
is lowered. 

If the end of the buttress, 
which ia rounded, be drawn on one 
aide from the shoe, it ia evident 
thnt, losing its point of sup|»ort, it 
will alide upon the platform in the 
direction ol the pressure exerted 
agninst the lift: that the chemlct 
will necessarily follow the buttress, 
turning upon its base ; and thnt the 
gate itself, in rotation, will follow 
the ehemUt : so that the two former 
will be stretched upon the platform 
in prolongation of one another, 
while the latter rests on the top of 
both, covering them. See Fig. 56'.». 

The buttresses are made to alip 
from their respective shoes by means 
of an iron bar, placed horizontally 
upon the platform, and furnished 
with catches, so disposed at dis- 
tances that they draw aside the 
buttresses one by one, in suoreasion, 
and in tho order in which it is 
intended to lower the lifts. This 
liar must lie easy of management, 
and arranged in such a manner 
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tlint its nr t ion may not lx? impeded by gravel, nod. or any foreign matter carried down by the 
current. It in terminated at one end by n rack worked by n vertical wheel, by the aid of which its 
motion is itn|mrted and thence transmitted from buttress to buttress. Upon being released from 

the shoe, the butt r eases slip into guiding 
mils, or grooves, in which they slide till they 
reach the bottom. 

It must 1)0 observed tlmt, if the >»r has 
to be moved in a certain direction in order 
to lower the lifts, it is also necessary that it 
should l>e able to move in the opposite di- 
rection. after all the lifts art* down, so that 
each catch of the l»ar may return to its pro- 
per place, before they an* raised, again to be 
ready for action. With this view it is requi- 


Ria. 



site so to arrange that there may l>o a chandler 
reserved beneath tho articulation of the chevnlet 
and buttress w herein the bar may frcelv work. 

We have already implied that the lift pro|»er is 
divided by its axis of rotation into two distinct 
|mrts : the lower part it has been agreed to call the 
breech, and the upper the fly. It is necessary to 
l>e«r in mind this distinction. Wo will now de- 
scribe the 

Method of Raising the Lifts . — If the base of tho 
breech be fixed to the sill of the lwurnge, nnd we 
attempt to raise the lift by seizing the top of the fly 
with a hook, a resistance is at once exj)erienred, 
that increase rapidly with the height of the fall in 
the navigable wav. and becomes almost insurmount- 
able when the fall attains a height of 0«'30. 

With the movable lifts actually in use, tho 
operation is performed in a totally different manner. 
I nstead of proceeding as above, it is tho lower part 


of the breech that is first raised ; whereby the fall of water which, in the former instance, was an 
impediment, Ix-comos, to a certain extent, an auxiliary, because it raises the woodwork of the 
lift as soon as the water has made its way beneath it. To this effect, tho base of the breech is 
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provided with a stout Iron handle. The keeper, entering a boot fitted for the purpose, seizes 
this handle with a hook ; then, nulling, by degrees the braech of the lift rises from the platform, 
dragging with it its cA«n*i/r/, and the latter it* buttre «, Fig. 573. When those three have arrived 
at the end of their course, the extremity of the buttress comes and rests against the shoe, and the 
gate remains suspended on its axis of rotation, while the breech is upheld by the Ixiatiuan’s hook. 
As soon as the hook is detached, if the breech In* a little heavier than the Xv, or if it In* slightly 
pushed, the gate iuumdiatelv turns upon its axis, and the breech rests against the sill of the wvir. 
This is effectually what takes place; but it) order to ensure precision and regularity in the 
working of the different parts, many other accessories are needed, the details of which our limits 
will not allow* us to particularize. 

There are twelve bamujes between Paris and Montcreau, of which the normal heights of the 


falls are as follows : — 

Metres. 

Barrage of Port-h-l’Anglais II = 2 ‘40 

„ Albion H = 1*85 

„ Kvrv H = 1*54 

„ Coudray H = 1*82 

„ I .a Citnnguetto H = 1*43 

Vivcs-Eaux If as 1*46 

„ Melun H * 144 

„ 1a Cave H s 1*97 

Samois H = 2 (HI 

„ Champagne H s 1 * 59 

„ la Madeleine H = 1 * 04 

„ Varennes H s 1*0*2 


The extreme values are H = 2“ 10 ami H - l m *43. 

When the reserve is on a level with the top of a barrage, the real fall is equal to the normal fall, 
just given, less the surface incline of the water between that barrage aud the one iuniudiately 
Wow it. That incline may vary from 0 to O’" * 15. Moreover, it is necessary to deduct the thick- 
ness of the sheet of water surmounting the cri*st of the lower weir. 

We regret that space will not allow us to enter into further details upon so interesting and im- 
portant a subject. As we shall have occasion, however, to return to it again when spt-nking of 
tlood-gates and chuhIh, we must refer to those heads for more minute ]>articulars touching the con- 
struction and working of the movable lift and the self-acting bascule gate. The lifts of a navigable 
way ought never to be self-acting, though the inconveniences likely to ari.se from their being so 
constructed would not be of any very serious nature. As regards the overfall, the ease is different: 
there, on the contrary, it is of great im|iortance that the lifts, swung en bascule , should be self- 
acting. 

At the barrage of Con flan a the overfall is composed of twenty lifts, each l m *35 high, 1"*20 
wide, and seiiamttd by spaces measuring 0“*10. They are all self-acting, each gate sw inging at 
baacule, and being regulated to resist a certain pressure by means of a counterpoise ; so that, when 
by reason of a sudden increase of water the pressure becomes too gnat, they immediately yield, 
and, presenting a wider opening for the flooa, prevent inundations, very much after the manner 
of the gates invented by M. Clmubart. It is, however, but an act of justice to state that the idea 
of a Imrruge with movable lifts was first due to M. Thenard, about the year 1840. 

That gentleman, for a great many years chief engineer of the canal operations on the river 
Isle, had been unceasingly occupied in search of, and experimenting upon, the means of arriving 
at some efficient and practical mode of regulating, controlling, and utilizing the supply of water 
in rivers. He so far succeeded in this object, that he was enabled to sustain the waters of the 
river Isle at 7 ft. 4 in. above the level of the bed. procure a convenient draught of water to get 
boats up during dry weather, maintaiu them at this level sufficiently long so that the free flow ing 
of the nver was incapable of drawing them away, and, having arrived at this point, to restore the 
waters to their natural course in order not to exj»ose the valleys to an overflow that would bo 
prejudicial. 

The first report, addressed to the Administration of Bridges and Highways, on the trials made 
by M. Thenard, is dated in 1831 : it announced the good opinion formed of them by the inspector 
of the division. In 18; W, for the purpose of verifying it, another commission, composed of 
Inspectors, general and divisional, of Bridges and Highways, was appointed by the Government. 
M. Thenard, having perfected with skill and success a happy idea of a provisional flood-gate, 
suggested to him by the divisional inspector, M. Mesnager, whs able to render his system of 
Barrage more complete. On the 4th of July, 1811, the commission concluded their experiments 
and reported thereon. 

Up to this time M. Thenard had only hod occasion to apply his system to fixed existing 
barrages, raising the level of the water about 2 ft. 6 in. only. Confiding in the certainty of his 
system, however, he obtained authority to make a further trial, in which the retained body of 
water above the lower level was raised to a height of nearly 9 ft. 

An interesting paper upon this particular system was read before the Meeting of the British 
Association at York, in 1844, by Oliver Bvrne. 

Among the authors who may lx* consulted are MM. Bresse, ‘ Courts tie Meenniqne Appliance 
Lesbros, ’Experiences Hydmuliqiies sur les Lois de PEcoulement de l’Eau ; ’ Chanoinc, ‘Notice 
sur les Barrages Mobiles;* Dulumt, ‘Prineipes d’Hydrauliquc;* Chanoinc and 1-ngrene, ’Mcmnire 
but les Barrages h Hausses Mobiles ; * Mari; Graeff, * Rapport sur la Forme et la Mode de Con- 
struction du Barrage d'Enfer sur Jc Furcna, Mcmoires dee Touts ct Chausseoa,* No. 184, 4 l seric; 
Gibbs, * Cotton Cultivation, and the Barrage of Great Rivers,’ crown 8vo, 1862; Breton, *31cmoire 
sur les Bnrrages,* 4to, 1867. 
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Table I. — Coefficients of Kxfeniutfre. 

Narrow-edged rectangular orifices, 0”*20 wide, and varying in height, discharging freely into 

the open air. 


IxwIb I CoBwenraTH ov KxrrsiHTtuK run Owners xbosr Heights are 






m. 


m. 

in. 

tn. 



tin- Oriflcj-s. 

020 

010 

o-us 

o-oa 

003 

0-01 

g * 


M*. 

0 02 

0-572 

0-590 

0016 

0 039 

0-600 

0*095 

*= t 


003 

0*578 

o-ooo 

0-620 

o-tvn 

0 059 

0 089 

II 

2m 


004 

0*582 

0 003 

0 023 

0-640 

0"059 

0-684 


000 

0-587 

0 007 

0-020 

0-039 

0 057 

0-677 


o-io 

0-592 

0011 

0 030 

0-037 

0 055 

0 007 

*5 ° 


0 20 

0 598 

0 015 

0 031 

0-034 

0*049 

0 055 

il 


o-:io 

o-ooo 

0-610 

0-030 

0 * 0:12 

0 045 

0-050 

11 


040 

0 002 

0017 

0 029 

0-031 

0 042 

0 046 


000 

0*604 

0017 

0 027 

00:i0 

0-038 

0*641 

1 6 


1 00 

0*005 

0-615 

0 025 

0-027 

0*632 

0 029 

1 3 
°2 


1-50 

0*002 

0011 

0019 

0*621 

0 020 

0-617 


200 

0-801 

0 007 

0 013 

0-613 

0*613 

0-613 

"3 

\ 

300 

0 001 

0 003 

0 000 

0 007 

_ 

0-008 

0 009 



002 

0*509 

0 024 

0 004 

0-61)1 

0-703 

0-756 

1 1 


0 03 

0 003 

O' 0*29 

0 • 005 

0-667 

0-702 

0-747 

*C * 


004 

O’ 005 

0 033 

o-ooo 

0-686 

0-701 

0-741 

2 js . 


0 00 

0010 

O’ 037 

0 • 007 

0*686 

0-099 

0-732 

1 1 1 


010 

0015 

0*543 

0 009 

0 084 

0 098 

0-722 


0-20 

0-8*21 

0-018 

0-670 

O' 081 

0*696 

0-712 

i >i t 


0.30 

0-022 

0 018 

0 • 070 

0 081 

0*695 

0-709 

i'f.a 


0-40 

0-023 

0018 

0*609 

0-681 

0 095 

0-700 

Jll 
1 sl 
.13 


000 

0-824 

0 048 

0 008 

0-679 

0 093 

0*703 


100 

0 024 

0017 

0 066 

0*070 

0 092 

0*701 


150 

0 024 

0 014 

0-065 

0-675 

0 087 

0*697 


2 no 

0019 

0*641 

0*664 

O' 075 

0083 

0 093 

N 13 

\ 

3-00 

0-014 

0-039 

0 002 

0 075 

0*080 

0-089 


si . 

a s h 

/ 

002 

003 



0-055 
0 053 



0*715 

0*700 

I 

ill 

III 


004 

0 049 


0 051 



0*699 


0-06 

0 047 


0*018 



0*091 


010 

0 045 

M 

0*645 



0 083 


0-20 

0-641 


0*042 



0-675 

j J 


0-30 

0-639 


0*642 



0*671 

| ’| 


040 

0*639 


0*041 



0-668 

J 1 - 

Jj J 


o-oo 

0 038 


0 039 



0-665 


1*00 

0*638 


0*034 



0-658 

05) 


1 50 

0-637 


0 027 



0*651 

- C s 

w ll 


2 00 

0-036 


0*621 



0 047 


300 

0-634 


0-614 



0*644 


i 3 

' 002 

1 






s r 

001 







i 0 

0*04 







K O 

o-oo 



0*099 




g . 

0*10 

1 


0*096 




1 “ 

0 *20 

0*708 


0*093 




l| 

0-30 

0*687 


0*691 




* l_ 

0*40 

0*682 


0-690 





0*00 

0*679 


0 088 




1 s 

100 

0*676 1 


0-085 





1*50 

0*672 


0*081 




■ » 5 

2*00 

0*008 


0 080 




* ii 

^ 3*00 

0*665 


0*678 

" 
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Table IL 

Narrow-«dge<l rectangular orifices, O'" *20 in width, and varying in height, and continued 
outwards by a rectangular, horizontal, and open channel, of the oamo width aa the orifice. 





CoKrrtctKXTs or Kxi-UforroEK toe Oatnccs whom Heights are 



ridge of 

m. 

m. 

m. 


m. 

m. 

m. 



the orifice*. 

0-2O 

010 

005 


03 

002 

0'01 

1 i 

/ 

m. 

0 02 

0*480 

0*484 

0*488 

0 

501 


0*599 



0*03 

0*403 

0*507 

0*525 

0 

551 


0*626 

1 £ 


0*04 

0 - 503 

0*527 

0*555 

0 

598 


0*645 



0*00 

0*518 

0*557 

0*594 

0 

632 


0 667 

1 -5 


0*10 

0*542 

0*586 

0 024 

0 

633 


0-671 

3 2 


0*20 

0*574 

0*006 

0*031 

0 

632 


0*004 

if 


o*:to 

0*501 

0*012 

0*029 

0 

631 


0*658 



0*40 

0 5lf7 

0*015 

0*626 

0 

630 


0*652 

“ 3 


0*00 

0*000 

0*015 

0*025 

0 

(528 


0*644 

|f 


100 

0*601 

0*615 

0 024 

0 

625 


0 031 



1*50 

0*601 

0*012 

0*019 

0 

620 


0*618 

.i 


2*00 

0*001 

0 * 007 

0 013 

0 

613 


0*613 



3*00 

0*001 

0*003 

0*000 

0 

007 


0*609 



0 02 

0*480 


0*487 




0*616 

s 

0*03 

0*403 


0*526 




0*642 

€ 


0 04 

0*502 


0*552 




0*600 

2 


0*06 

0*517 


0*583 




0*67G 

fcjd 


0*10 

0*538 

.. 

0*605 




0*082 

c a 


0*20 

0*506 


0*017 




0*079 



0*30 

0*580 


0*022 




0*676 

1 i 


0*40 

0*587 


0*625 




0*673 

* i 


0*60 

0*595 


0*627 




0*670 



1*00 

0*000 


0*628 




0*665 

*3 


1*50 

0*602 


0*027 




0*657 

o 


2*00 

0*002 


0*023 




0*654 

O) 


3*00 

0*601 


0*618 




0*652 


/ 

0*02 

0*490 


0*557 




0*675 

§| a 

0*03 

0*510 


0-577 




0*683 



0-04 

0*522 


0*592 




0*688 



0*06 

0*530 


0*611 


•• 


0*693 

E if 


0*10 

0*563 


0*028 




0*694 

o2| 


0*20 

0*591 


0 637 




0*684 



0*30 

0*607 


0*636 




0*677 



0*40 

0*615 


0 635 




0*673 

l.s-l 


0*60 

0*625 


0*635 




0*669 

1 els 


1*00 

0*028 


0*635 




0 663 



1*50 

0*627 


0*631 




0 656 

* 

isl 

V 

2*00 

3*00 

0*626 

0*624 


0*634 

0*632 




0*651 

0*648 

*3l 

/ 

0 02 



0*512 




0*625 

Jp 

003 



0*543 




0*651 



0*04 

0-518 


0*566 




0*667 

Ui 


0*06 

0 536 


0*595 




0*686 



0 10 

0-560 


0*621 




0*697 

o * *« 


0*20 

0 580 


0*637 




0*698 

li? 


0*30 

0*603 


0*643 




0*696 

| ! 


0*40 

0*013 


0*646 




0*694 



0*GO 

0*023 


0*648 




0*690 

Jill 


1*00 

0 630 


0*649 




0*085 

55 si 


1 50 

0*633 


0*647 




0 679 



2*00 

0*632 


0 044 




0 674 

B*3^ 

V 

3*00 

0*630 

•* 

0-630 




0*670 
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Table III. 

Narrow-* dged j discharging freely into the open air (A) 

rectangular overfalls, < outwardly extended by menus of nn open horizontal channel 

0 m ‘J0 wide, | of equal section with the orifice (B) 

The arrangements A and B may present the variations defined at 1, 2, and 3, Table I., and 3 
and 4, Table II., when the rectangular orifices are closed at the top. 


Load* 
u|*.n ihe 
Sill of lb* 
Overfall. 

CoKrrrciKKTt or Exmonou 
for overfalb pwwtitod the arrangement A, 
with its rurLitiun. 

CoemciaxTB or Kxi*exnmrRB 
for overfalb presenting Wk* arrangement B, 
with its variation. 

Tab. L 
1 

Tab. L 

2 

Tab. L 
3 

Tab. 1L 

4 

Tab. L 
1 

Tab L 
2 

Tab. II. 
3 

Tab. 11. 

4 

m. 

0-01 

0 424 

0*384 

0-402 

0*292 


• • 

0*395 


0 02 

0417 

0*402 

0*473 

0*318 

0*196 

0*208 

0*383 

0 175 

0 03 

0412 

0*410 

0-459 

0*337 

0*234 

0*232 

0*373 

0*205 

0 04 

0*407 

0*411 

0*449 

0*352 

0*263 

0*251 

0*865 

0*234 

0 05 

0*404 

0*411 

0*442 

0*362 

0*278 

0-268 

0*360 

0*260 

0 06 

0*401 

0*410 

0*437 

0 370 

0*286 

0*281 

0 355 

0-276 

0 07 

0*398 

0*409 

0*435 

0*375 

0*292 

0*288 

0*352 

0*285 

008 

0 397 

0*409 

0*434 

0*379 

0*297 

0*294 

0*319 

0*291 

0 09 

0*396 

0*409 

0*434 

0*380 

0*301 

0*298 

0*347 

0*295 

0 10 

0*395 

0*408 

0*434 

0*382 

0*304 

0*302 

0*345 

0*299 

0 12 

0*394 

0*408 

0*434 

0*38:4 

0*309 

0*308 

0*343 

0*306 

014 

0*393 

0*408 

0*434 

0*383 

0*813 

0*312 

OIMl 

0 311 

0- 16 

0*393 

0*407 

0*433 

0*384 

0*316 

0*316 

0*340 

0*315 

018 

0*392 

0*406 

0*432 

0*383 

0*317 

0*319 

0*339 

0*319 

0-20 

0-3!H> 

0*405 

0*432 

0*383 

0*319 

0*323 

0*338 

0*322 

0-22 

0*386 

0*405 

0-430 

0*382 

0*320 

0*325 

0*337 

0 325 

0-25 

0*379 

0*404 

0*428 

0*381 

0 321 

0*329 

0*386 

0*329 

0-30 

0*371 

0*403 

0*424 

0*378 

0*324 

0*332 

0*334 

0*332 


BARREL. Fh., Tonneau; Geb., Fan ; Ital,, /tariff, Bariglione; Span., Barril. 

A barrel is a round vessel or cask, of more length than breadth, ami bulging in the middle, 
made of staves and headings, and tioiind with hoops. See Cakk-makinu Machine. 

The term is also applied to a tube, or to any hollow cylinder, as the barrel of a yun, the barrel 
of a pump, and so on. 

BARREL-CURB. F il, MartjeUe ; Geb., Sfnkruhmcn ; Ital,, Appoggio impiegato nelfa costrvzione 
dei potzi ; Span., MardeHe. 

A barrel-curb, or well-curb, is an open cylinder, about 3 ft. 6 in. or 4 ft. in length, formed of 
strips of wood nailed room! horizontal ribs of elm, and used as a mould in well-sinking to keep 
the well cylindrical during the process of sinking. When the required depth has been attained, 
this cylinder is usually loft in the bottom of the well, under the steming, brickwork being built up 
under the horizontal ribs. 

BARREL-DRAIN. Fr., TmnchSe en here fan ; Geb., Tonnenfdrmigo Abzujucanal ; Ital., Fojna 
oil iudrica ; Span., AlcantariUa CiUfndrica, 

A barrel-drain is a brick or stone drain of cylindrical form. See Drain. 

BARRIER. Fk., Barrier* ; Geb., Barrier*; Itai.., Batizzata; Span., Barrera. 

In fortification a liarrier is a kind of fence made in a passage or retrenchment to stop an enemy. 
It is usually a palisade or stockade. See Fortification. 

BARROW. Fr., Brouette; Gkr., Sckubkarrtn ; Ital., Farriuoia ; Span., Carrctilla de mnno. 

A borrow is a light, small carriage, borne nr moved by hand. 

The body of the excavator’s barrow, Figs. 574, 575, is spread wide open, and the sides arc much 
iuclined ; the centre of gravity of the load is therefore situated much lower, with respect to tho 


ft! 4. fi?S. 



handles, than in the ordinary barrow, which renders it steadier and easier to wheel. The extents 
are discharged by inclining the barrow at an angle of 45% and supporting it constantly on tho 
wheel. The nave of the wheel is prolonged on each side, and serves as an nxlp, tho periphery of 
which is about 1 in. in thickness and rounded on the edge. 
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HARK, Guard. Fr., Gards-fou ; (Ier., Fenster VenjitUrvng : Ital., Sbarra. 

Usually wrought-iron bars in front of windows, about J in. in diameter. if round. or f in. if square, 
spaced about 5 in. anart, and tnd |H*r|*'udicularly through horizontal rails of flat liar- iron, 1* in. 
wide bjr | in. thick, built into the jambs of the window : the ends of the bora at the bottom should 
bo lot into the stone sill, and run with lead. 

BASCULE BRIDGES. Fr., J'ontdevis ; Gkr., ZugbrUcke ; Ital., Ponte Icvatoio; Span., 
Puentc-bdst'ula. 

See Drawbridges. 

BASEMENT. Fa., Soubastcment ; (Ier., Fundament, Vnterc Theil; Ital., Basamcnto ; Stan., 
Bajamente. 

See BriLDIKO. 

BASE-LINES. Fr., Ligncs de Utse; Gkr., Grundlinie ; Ital., Bute di triangolazione ; Span., 

Base tri'tutivmFtrica. 

See Geodest. 

BASE-PLATE. Fa., Plague de foncLttion ; Ger., Grundplatte ; Ital., Piaxtra di forulizione. 

'The foundation -plate of heavy machinery, ns of the steam-engine, is termed the base-plate ; 

the bed- /date. 

BASIN. Fr.. Baffin ; Gkr., Schifiadorkc ; Ital., Pacino ; Span., Pantano, dique. 

Any hollow place containing water, as a dock for ships, is called a basin. See Docks. Storage 
of Water. 


BASKET-HANDLED ARCIL Fr.. Arc en ante tie pm ier ; Ger., Stichbogen; Ital., Arco 
scemo; Span., Arco elfptioo. 

Any arch less than a semicircle on the same chord is willed a basket-handled arch, hence all 
semi -elliptic arches are included in the term. 

BASTARD ASHLAR. Vn^ MoSllon gieant { Ger .^Planer; Ital., Pietra rosza. 

Bastard ashlar are stones intended for aslilar-work. which arc merely rough seabbled to the 
required size at the quarry ; or the face-stones of a rubble wall, which are selected, squared, and 
dressed, to resemble ashlar. 

BASTARD STUCCO. Fb., Stuc meld de mastic ; Ger., KalhnOrtel mit /Warm, Sands versetxi ; 
Ital.. Stucco roxzo . 

The finishing coat in plastering when prepared for paint is termed bastard stucco. It is com- 
posed of similar stuff to that used for trowelled stucco, with the addition of a small portion of hair, 
nut is accoinjmuied with less labour, not being floated; it is generally employed in three-coat 
work. 

BASTARD-TOOTHED FILE, Fr., Grossc lime; Ger., Bcstossfeiie ; Ital., Lima bastarda ; 
Span., Lima. 

, See Hand-tools. 

BASTION. Fr., Bastion; Ger., Bastion , Bottwerk; Ital., Bastions; Span., Balnarts. 

See Fortification. 

BAT. Fr., Morccau de brique ; Ger., Schieferstein ; Ital., Peizo di mat one : SPAN., Medio ladrillo. 

The half of n brick is usually termed a bat. Other portions are named according to the size, 
ns a quarter bat, three-quarter but, Aiid so on. 

BA TEA. Yr., Curette pour lAirer Tor ; Ger., Waschschuasel fiir Gold ; Ital., Bacile per future 
Coro ; Span., Batea. 

A batea is a conical -shaped dish, Fig. 576, employed for washing gold and pulverised samples 


of gold quartz. 

From the general irregularity of the produce of quartz in gold mines, it is impossible to ascer- 
tain the average yield of vein-stuff without crushing and experimenting on large quantities; but 
the most usual method of judging approximately of the value of rock, is 
to pulverize a small quantity and wash the resulting powder in a baton nr 
horn s|KM>n. In selecting the rock for this purpose, it is evidently of the 
greatest importance that it should represent a fair average of the vein or 
streak from which it is taken, and consequently several hundred-weights 
should be broken from the whole area of the exposed surface, taking care 
that every port be represented by samples of nearly equal weights. The 
whole must now Ik* broken by a hammer on an iron plate, into pieces of 
about the size of walnuts. The resulting heap is then carefully mixed, 
by turning over with a shovel, and subsequently cut through the middle, 

so os to leave a trench through its centre, extending to the floor on which it has been placed. 
The two sides are afterwards carefully scraped down, and removed as a representative sample on 
which the yield of the vein is to be estimated. For the purpose of a rough approximation, tin's 
may be at once pulverized in a mortar or otherwise, and its contents judged of in accordance with 
the results obtained by washing. Where, however, greater accuracy is aimed at, and the original 
heap contained a large quantity of broken rock, at least a hundred-weight should ho sempod from 
the sides of the cutting, and this, after being further reduced to the size of peas, must again bo 
cut through, and a sample of about 4 lbs. obtained, by the means employed in the first instance, 
as the final sample. This is pulverized in a mortar, ami the whole passed tlirough a sieve of wire 
gauze, of forty holes to the lineal inch, after which it is ready for treatment, either by washing or 


as.iay. 

The most ocenrate results are obtained by carefully washing a 4-lb. sample in the batea, 
Fig. 576, which is about 20 in. in diameter, and 2 £ in. in depth. 

BATH. Fh., Bain ; Ger., Bad; Ital., Bagno ; Span., BaAo, 

See Washhouses and Baths. 

BATH-METAL. Fr., Tombac; Ger., TomhacM; Ital., Jbmbacco ; Stan., Tumbaja. 
Bath-met&l is an alloy consisting of 4J oz. zinc and 1 lb. copper. Sec Alloys. 
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BATTEN. Fr., Voliqe ; Geb., Dunne* Brett : Ital., Tarda stretta , LisUUo ; Span., Astilla. 

Batten is a term applied to sawn timber under 3 in. in thickness, when tho width is 7 in., to 
distinguish it from other width*. Much as deal* and planks. 

The term batten is also applied to boards in long lengths of leas than 7 in. wide, though seldom 
more than 2 or 3 in. in width— the thickness varying from 1 in. to 1£ in., according to the purpose 
for which they are intended. 

BATTENING. Fr., Construction en roliqe ; Ger., Schahecrk ; Ital., Costruxione di Ustelle. 

Narrow boards or battens fixed to walls, intended to l>e papers! over canvas or to receive the laths 
for plastering — also battens nailed on the rafters of a roof to receive the slating— are called battening. 

Wall-battens should be spaced about 12 in. a|>nrt, and are generally 2£ or 3 in. wide, and J to 
1J in. thick. 

Hlato-battens must l>o spaced to correspond with the gauge of tho state. They should be from 
2J to 3 in. wide, and from $ to 1$ in. in thickness, according to the strength required. 

BAITER. Fr., Tiiius ; Ger., Venungvng; Ital., inctinaxwne di muro ; Span., Inclination, talud. 

In building, batter is a term employed to signify leaning back; it is usually expressed by tho 
ratio of the departure from tho perpendicular to the height, as 1 in 10, 

Fig. 577, which means that for every 10 ft. in height tho wall Imttcrs 1 ft. 

Retaining walls are sometimes battered on tho face to the extent of 
1 in 5; latterly, however, 1 in 10 has become more general, as when the 
batter is great the joints of the sloping wall hold the wet, which soon finds 
its way into the work : it is on this account that moat engineers prefer walls 
with a vertical face, or at most with a very slight batter. 

BATTERY. Fr., Batter ic ijalmniipte ; Ger., Galcanische Batterie ; Ital., 

Batteria Galvanica. 

When a series of voltaic elements, cells, couples, or pairs, are arranged 
in such a manner that the sine of one element is in connection with tho 
copper of another element ; the zinc of this with the copper of a third, and 
so on; such an arrangement is termed a Galvanic or Voltaic Battery. 

The earliest galvanic battery was constructed by Volta in 1800. It consisted of an insulated 
plate. Fig. 578, upon which was placed a scries of discs of copper and of zinc soldered together. 
Above the copper of the first disc was placed a disc of cloth d, saturated with acidutated water ; 
upon the disc of cloth was then laid another metallic disc. These discs were thus alternately laid 
one upon another, until a pile. Fig. 579, had been built up, care being taken to lav them the samo 
way. To tho ends of this pile were attached wires p and n, which, when connected in any way, 
act in motion a current of electricity. 


6 * 8 . 680 . 679 . 



The piles constructed in this way were, however, but weak, and useless for experiments which 
tasted any length of time; for as the number of elements was augmented, the weight of tho upper 
discs pressed tho liquid from the lower discs, which became dry, and so lost their oonductibility. 
This led Volta to invent the improved modification shown in Fig. 581, which he called the conromu 
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de t< tmc.«, or crown of cups. Instead of the damp cloth of the pile, a number of jars, arranged in 
a circle, and filled with acidulate water, are employed. The jars communicate successively 
one with the other by means of metallic arches formed of a plate of zinc soldered to a plate of 
copper; the copper of each arch being plunged into the jar which precedes it, and the zinc into 
the iar which follows it. The two jars which form the extremities of the series receive respec- 
tively a plate of zinc Z, and a plate of copper C, to each of which is fastened a conducting- wire. 
The first correspond* to the negative pole and the second to the positive pole. 

To comprehend the principle of this battery, we will suppose that two plates, cut, one Z from a 
sheet of zinc, and the other C from a sheet of copper, Fig. 580, are placed, without contact with 
each other, in » jar containing slightly acidulated water. To the upper edges of the plates let two 
pieces of wire be fastened. In this state the api>umtu* will manifest no development of the 
electric fluid ; but if the ends of the wires be brought into contact at M, an electric current 
will be set in motion, pacing through the wires from the point where the wire is fastened to the 
eopjjer C, to the point where the other wire is soldered to the zinc. Z. Tile current will continue 
to tlow so long as the ends of the wires are iu contact, but the moment the ends are separated the 
current ceases. 

It will be wen that the electric fluid is evolved hy the combination of three bodies — the zinc, the 
copper, and the acidulated solution iu which they were immersed. The production of the current 
depends on the chemical action of the solution on the zinc. That metal being very susceptible of 
oxidation, decomposes the water which is in contact w ith it. One constituent of the water com- 
bining with the zinc produces a compound called the oxide of ziuc, and this oxide entering again 
into combination with the acid which the water holds in solution, forms a soluble salt. If the 
acid, for example, be sulphuric acid, this salt will be the sulphate of the oxide of ziuc; and as fast 
as it is produced it will be dissolved in the water in which the plates were immersed. The copper 
not being as susceptible of chemical action as the zinc, remains coinjiaratively unaffected by the 
solution : but the hydrogen evolved in the decomposition of the water collects upon its surface, 
after which it rises and escape* in bubbles at the surface of the solution. 

It is to this chemical action npon the zinc that the production of the electric current is due. 
If a similar action had taken place in the same degree on the copper, a similar and equally intense 
electric current would be produced in the opfiosite direction ; in that case the two curreuts would 
neutralize each other, and no electric effect would ensue. From this it will be seen that tho 
efficacy of the combination must be ascribed to the fact that one of tho two metals immersed in 
the solution is more oxidizable than the other, and that the energy of the effect and the intensity 
of the current will be so much the greater as the susceptibility of oxidation of one metal exceeds 
that of the other. 

It apiiears, therefore, that the principle may bo generalized, and that electricitv will bo 
developed and a current produced by any two metals similarly placed, which are oxidizable in 
different degrees. And, indeed, if two pieces of the same metal are differently acted upon, either 
by heat or chemically, a current of electricity will 1 m> produced on their being connected together. 

Zinc being one of tlio most oxidizable metals, and being also sufficiently cheap and plentiful, is 
generally used for voltaic combination*. Silver, gold, and platinum are severally leas susceptible 
of oxidation, and of chemical action generally, than oopper, ami would therefore answer voltaic 
pnr|Mises better, but are excluded by their greater cost, and by the fact that copper is found suffi- 
cient for all practical purposes. It is not, however, absolutely necessary that tho inoxidizablo 
plate C of the combination should bo a metal. It is only necessary that it be a good conductor of 
electricity. 

In certain voltaic combinations, charcoal properly solidified has therefore been substituted for 
copper, the solution being such as would produce a strong chemical action on copper. Each com- 
bination of two metals, or of one metal and charcoal, is calh-d either a coll, a couple, an element, 
or a pair. 

A series of jars. Fig. 582, when arranged in a similar manner to Volta's cr>u ronne de tosses, that 
is, the zinc of one jar in connection with the oopper of the next jar, the order being zinc, acid, 
copper, zinc, acid, copper, and bo on, is termed a battery, and bv its means the effects products! by 
a single element are capable of being greatly increased, if, however, only ono element is 
employed, it i* in itself a battery. 

5 « 2 . 683 . 


The part of a battery from which tho current is supped to proceed is called tho positive pole, 
and the part towards which the current flows, the negative pole. These poles, shown at + and — , 
Fig. 582, are often termed electrodes, so that ■+■ would be the positive and — tho negativo electrode. 

The arrangement of the eourunne de t*issss, and of batteries similarly constructed, was so cum- 
bersome that they were soon superseded by the Trough battery, which is shown iu Fig. 583. This 
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buttery was invented by Cruickshank, and consists of a rectangular water-tight trough divided into 
cells by plates formed of zinc and copjier soldered together. The cells are filled with acidulated 
water or a solution of salt and water ; and two plates of cop|x>r. furnished with conducting-win*, 
are immersed in the last cell at each end. It was with a battery of this kind, composed of 3000 
couples, that at the commencement of the present century Davy succeeded in decomjjosing potash 
ami soda, and thus discovered potassium and sodium. The trough battery is rather inconvenient 
on account of its weight, and also through the wood of the case warping under the action of the 
acids. 

The arrangement introduced by Wollaston is more convenient. An element of Wollaston’s 
battery, Fig. 584, is composed of a plate of zinc Z, round which is boot a plate of copper 0, Actual 
contact being prevented oy placing small pieces of wood or cork between the plates. When tho 
element is to lie put in operation, it is immersed in a vase containing acidulated water; the negative 
pole then establishes itself at the wire connected with the zinc, and the positive pole at the wiro 
fastened to the copper. To unite several elements into a battery, it is necessary to connect the 
copper of each element with the zinc of the following. The elements thus connected can then be 
mounted on a stand. Fig. 585, and, when the battery is to be operated, plunged separately into 
vases containing the exciting liquid. Tho necessity of a vase for each of the elements of Wol- 
laston’s battery renders it cumbersome. 



Mancha's battery removes this inconvenience, as by its means wo can have a considerable 
number of elements in a small spare. The plates of zinc and of copper are soldered together ver- 
tically, bent into the form of the letter U, and then fitted alternately one into the other, Fig. 581*, 
in such a manner that the alternation of the metals is complete. Together the elements form a 
single system, which is fixed in a wooden frame, and, when required for use, immersed in a stone 
trough lilhd with acidulnbd water. 

Batteries composed of a numlier of element*, ns Mnncke’s battery, are especially applicable 
when the current encounters in its polar circuit any great resistance. When this resistance is weak, 
it is preferable to have the advantage of increasing the am* of the surface of the elements rather 
than their uuinlter. This condition is realized by Dr. Hare’s cylindrical battery, Fig. 587. which 
consists of a large sheet of zinc and one of ©opjier. soldered together at one end. The sheets are 
rolled, without touching each other, round a cylinder of wood, and each is attached to metallic 
conducting-wires: the negative wire is that in connection with the zinc, and the positive wire that 
fastened to the copper. 

When the apparatus is to boused, it is plunged into a tub containing acidulated water. When 
several of these elements are united in a battery, an apparatus is obtaiuod, of which the caloric 
jwwcr is so great as to have obtained for it the name of n enlorirnotor. 

The liattcrics we have deacribcd present practically several serious inconvenience*. The water 
being decomposed by the zinc, liberates hydrogen, which, charged with acid particles, is released 
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into the air, rendering in a very short time the surrounding atmosphere Irrespirable. Besides this, 
the liberated hydrogen adheres ns n film on the surface of the copper, presenting a great resist- 
ance to the current, and sensibly diminishing its intensity. lastly, this Him has a variable thick- 
ness, from which results a perjK-tunl vnriotion in the intensity of the current itself. These 
inconveniences, however, disappear in a greater or less degree in batteries operated by two 
liquids. 

ItanieWt Bnttrry . — An clement of DaniolFs lottery, Fig. 588, consists of an outer jar containing 
acidulated water in which is immersed a cylinder of zinc Z, in the interior of which is placed a 
porous earthenware pot, filled with a solution of sulphate of copper which surrounds a cylinder of 
copper C. The conducting-wire attached to the zinc, Fig. 588, corresjKmds to the negative pole 
of the element. 

It is easily seen that in this arrangement the film of hydrogen which acts so disadvatitagcously 
in ordinary lotteries, no longer exists; and the metal, following the same direction as positive elec- 
tricity, deposits itself upon the copper cylinder. The disengagement of the hydrogen is replaced 
by a decomposition of the onpper, which does not cluuige the physical condition of the system. The 
action of this battery ia very regular, it lasts a long time without renewal, and the surrounding 
atmosphere is not sensibly affected by its fumes. 



Amongst the causes which vary the intensity of the current in this battery ia the change in the 
nature of the liquids, the acidulated water becoming charged more and more with sulphate of 
zinc; and the decomposition of the sulphate of copper. Experience has shown that the first 
circumstance docs not affect the intensity of the current in any sensible degree. To remedy tho 
second, in proportion as the sulphate of copper is decomposed, fresh portions of that salt are 
added ; and for this purpose there is a sort of perforated flange on the upper port of tlie copper 
cylinder, which is kept filled with crystals of sulphate of copper. 

Hunan's Battery consists of a vase, Fig. 589, containing dilute sulphuric acid, in which is 
placed a plate of zinc Z as in Daniell's battery; but in the i*>rous pot is poured nitric Hcid at 40 
and. instead of the copper, a prism of charctial, made from the residuum taken from the retorts of 
gas-works, is used. 

To form a lottery, Fig. 590, the carbon of one element is united with the zinc of the following 
element, by means of clamps, tho positive pole evidently corresponding to the last carbon, and tho 
negative pole to the last zinc. 

690 . 



In Bunsen’s battery, the hydrogen liberated by the decomposition of the water decomposes in 
its turn the nitric acid in which the carbon is immersed ; the result is that hypouitric acid is 
formed, which gradually dissolves, and never shows itself in the form of bubbles. 
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Bunsen's battery is only ft modification of n battery previously invented by Grove, in which tho 
place of the carbon was occupied by a plate of platinum : but the high price of this metal caused 
the use of Grove’s battery to lie very limited, ^verol inventors hud thought of replacing tho 

I ilatinura plate by charcoal : and a few batteries of this description were in use at tho time 
luusen’s arrangement was introduces!. 

It should be noticed that a great inconvenience attends all batteries in which nitric acid is 
employed, owing to the diffusion of nitrous vnjsmr which vitiates the surrounding air. 

When a battery is in action, the work produred at the jades cones] Kinds to the oxidation or 
consumption of the zinc, in a similar manner to the caloric engine, where the work performed is in 
proportion to the amount of coal consumed. If ordinary zinc is used, in batteries furnished with 
acidulated water, the zinc is always found attacked, whether the battery is in operation or not; hut 
this does not occur if chemically pure zinc is used. However, there is no occasion to use pure zinc 
if amalgamated zinc, which is easily made, is employed. 

The amalgamation of the zinc is la*st effected by dipping it in dilute sulphuric acid, and then 
nibbing it over with mercury, or by immersing it in a solution of a salt of mercury, and afterwards 
rubbing it briskly, when the amalgamation will be complete. 

There have been numerous batteries contrived, which we do not notice, as their description 
would bo of no interest. We only mention the Bichromate of Potash battery, which is frequently 
made use of in the current for the purpose of exciting various electrical machines. The element 
consists of a spherical-sha]>ed bottle, with n brood neck, containing a solution of ^ bichromate of 
potash, added to an equal quantity of sulphuric acid. Into the liquid is plunged a double pinto 
of zinc. Fig. 51)1, in the interior of which is arranged a plate of charcoal, which answers to tho 
positive pole. When it is desired to sus]N-nd the action of the battery, the plate of zinc is raised, 
so os to prevent its contact with the liquid. 

Tho work produced by chemical action is not the only means of obtaining a galvano-clectrio 
current ; the same result may lie arrival at bv the notion of heat. This development of electricity 
by heat was discovered by Seebeck, of Berlin, in 1821, and is called t/tfnno*tectricity. 

To make a thermo - electric 
couple, a plate of copper. Fig. 5!>2, 
is Unit round and soldered at its 
two ends to a cylinder of bismuth ; 
we have thus a sort of rectangular 
figure, three sides of which an? 
made by the plate of copper, and 
the fourth by the bismuth cylinder. 

The apparatus must be arranged 
in such a manner that the long 
side* of the rectangle are nearly 
in the magnetic meridian : and in 
tho interior of the npimratus is , 
placed a magnetic needle. If one 
of the compound corners of the f”** 
circuit, where the two metals are , 
joined, is heated with a spirit- \ 
lump. Fig. 592, the needle is do- ' 
fleeted; this denotes the production 
of an electric current which is di- 
rected in the copper plate from the 
warm corner to the cold corner. If, instead of heating tho corner, it had been refrigerated with 
icc, it would also have produced a current, but in an opposite direction. 

Although this experiment is especially sensible with bismuth and antimony, it will succeed 
with any of the metals. It is also not Absolutely necessary to heat tin? point in the circuit where 
the two metals join, since if an elevation of temperature takes place at any point where a perfect 
similarity of structure dms not exist, a current immediately manifests itself. This important fact 
is demonstrated by various experiments. Take, for example, a piece of platinum wire which has 
been twisted into a knot, ana heat it near the twist; it will produce a current of electricity, tho 
force of which mav lie observed by placing the extremities of the wires in connection with 
a galvanometer, 'fhe current, it will be seen, changes from one side to the other of the knot as 
either side is heated. 

The same result will occur if a portion of the wire is coiled into a spiral, Fig. 593, and treated 
in the same manner. 

In metals which are, similar to bismuth, not homogeneous, it is very common to observe 
thermo-electric currents. 

It should lie noticed that to a difference in structure, and to no other circumstance, oa, for 
example, a change of dimensions, is this phenomenon attributed. When the molecular construc- 
tion is the same on both sides of tho heated point, there will be no current manifested. The two 
following experiments made by M. Magnus are decisive on this heed. He reduced a copper 
cylinder in the middle until it was nnlv the thickness of a fine wire; on heating the metal at tho 
place where the sudden change in its diameter occurred, he did not observe a fly current, although 
there must have been a difference in the diffusion of the electricity from one side to the other of 
this point. 

For his second experiment, Magnus took two tubes, A B and CD, Fig. 594, and tub'd them 
with mercury : the extremities A and I) being connected with the wire* of a galvanometer. The 
mercury contained in C was hc?ated, and the extremity of the tulie B plunged into it. In this case 
also no current was observed. Vet if a difference of structure is necessary to produce a current. 
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this difference may be very insignificant. Ko that if the extremities of the two platinum wires 
were bent into hooka, and one of them after being heated laid upon the other, no effect would be 
produced, because the action of heat upon the platinum could not make it undergo any modifica- 



tion. But if the experiment is repeated with copper wires, a current will occur, the action of heat 
having quickly produced a film of oxide which has modified the constitution of the metal. 

It follows from this that the action of heat has the effect of exciting in various bodies, and 
particularly in metals, the movement of fluids which characterize the electric current. If iu a 
homogeneous conductor no effect is observed, it is because the two currents produced on each aide 
of the heated point are equal and in contrary directions ; but a difference of structure modifies the 
intensity of one of the currents, and the galvanometer shows the resultant produced from the two 
effects. 

When the soldered joint of two different metals is operated upon, the direction of the current 
depends upon the nature of the metals associated, and it is impossible to give any precise rule 
upon this point. In the following list, the result of experiments made by liooquerel, the current 
traverses the heated joint, proceeding in consecutive order tlirough the metals:— bismuth, 
platinum, lead, tin, copper, silver, zinc, iron, antimony. 

The intensity of thermo-electric currents also depends upon the nature of the metals joined 
together: and each of these associations has an electromotive force peculiar to itself, which lias 
been called thenn»-electric poteer. 

For the purpose of comparing these thermo- 
electric powers, Beequorel made use of a chain. 

A, B, C, D, K, F, G, Fig. 595, formed of several 
metals soldered successively one npon the end of the 
other. The ends of the chain Wing attached to a 
galvanometer, one of the joints was heated at a fixed 
temperature, 40 for instance, whilst the other joints 
were kept at zero. 

The current produced having in each case to 
traverse a circle of equal resistance’, its intensity may be considered as the proportional measure of 
the thermo-electric power of the joint, at least, from tlm temperature from which wc ojienite. 

It was in this manner that Bt.cquerel obtained the following Table : — 


Iron— Platinum 30*07 

Iron— Tin 31*24 

Iron— Copper 27*90 

Iron — Silver 20*20 


Copper — Platinum 8*55 

Copjair — Tin 3*50 

Copj»er — Silver 2*00 

Zinc — Copper 1*00 


In these experiments Bccqnerel has proved the following fact, which is of real importance. 

Supjxwing a joint of iron and cojq>or to be heated, we shall have a current of a certain inten- 
sity ; if between the iron and copper a piece of metal is interposed, or a chain of several metnls of 
which we Jurat the two end joints, we shall have exactly the same results. This is a proof that 
the current is really due to the difference in the propagation of heat iu the iuetals, and not, for 
instance, hi contact. 

The intensity of the current produced by a thermo-electric couple depends on the difference 
of temperature of two combined joints; and, within certain limits which oro variable, as well ns 
according to the metnls employed, it is sensibly proi>ortioiial ; hut after a certain time the increase 
in the intensity of the current a Km tea very considerably. Thus for a couple of iron and copper it 
is scarcely sensible at 300' 1 ; beyond this the intensity of the current diminishes, becomes null, mul 
ends by changing its direction. It should be notice! that the difference of temis mture is not the 
oniy influence on this phenomenon —the absolute temperature must also be taken into account. 
Thu* the current has not the same intensity, one of the joints being zero and the other 20"*, ns if 
the temperatures had been at 100"' and 120". 

By joining together a number of thermo-electric couples and lien ting timultaneouidy the equal 
ioints, we obtain a Thermo-electric battery. Fig. 590 represents an apparatus of this kind invented 
by I'ouillet. It is composed of 
cylinders of bismuth bent at their 
extremities, and connected one 
with the other by means of plates 
of copper, also bent and soldered 
to the bismuth. If we plunge 
every second joint into any cold 
body— melting ice, for instance — 
whilst the remaining joints are 
heated at a fixed temperatnre, the battery produces a current which can bo collected on a conduct- 
ing-wire as in an ordinary buttery. 

View*ed as agents for the production of the electric current, thermo-electric batteries have not 
as yet given very useful results, os thermo-electric currents weaken rapidly, in circuits where there 
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is little resistance, through the conductibility of the mediums in which they arc generated. Thua 
120 couples at least of iron and platinum ure necessary to produce an appreciable decomposition 
of water. 

Edmond Boequercl has recently introduced, however, a thermo-electric couple of exceptional 
power : it is formed by connecting a plate of German silver N, Fig. 597, and artificial sulphate of 
copper M, the positive pole corresponding to the sulphate of copper. 



Fig. 598 shows a battery constructed upon this plan. The temperature of the joints is raised 
by means of common gas; and with thirty or forty elements it is capable of sensibly decomposing 
water, of maintaining an electromagnet with a long coil, and of working a telegraphic apparatus. 

Until lately, thermo-oh-otric currents have only been made use of to measure temperatures 
under special conditions. The thermo-electric tongs invented by Peltier are, however, useful for 
indicating the temperature of any limited space. They consist of two thermo-electric couples. 
Fig. 599, of bismuth and of antimony, a f> and a* V; the bismuth of oue element being united by 
a wire to the antimony of the other, and the circle completed 
by a galvanometer. It results from this arrangement that if 
the a|Micc comprised between the two joints and c' becomes 
at all warm, a current from the bismuth to the antimony will 
be produced in the two couples. These two currents act, 
besides, upon the magnet in the same direction ; and as the 
bulk of the instrument is small, and its calorific capacity 
feeble, its sensibility is very great. 

It is with a species of very fine thermo-electric plummet 
that physicists arc able, in certain cases, to penetrate without 
injury those organs which they wish to have access to in 
order to study the temperature of organized beings, as to the 
variations experienced under particular circumstances. 

Wo conclude by mentioning the apparatus employed by 
Booquere! to measure the temperature of the air. It consists of two thermo-electric tongs, one 
being placed out of doors and the other in the laboratory. A galvanometer placed in the circuit 
indicates zero when the two tongs arc at the same temperature. It is sufficient, then, when the 
needle is deflected, to heat or refrigerate the second tongs in such a manner as to bring it back to 
zero, to tell the temperature of the air. Bee Blasting. Eleotho-Telkobaput. 

BATTERY, SVPLOYZD to crush auriferous rock. Fr., Moulin a pilon ; Ger.. StampfmSAU. 

The stamping mill or battery consists of a series of heavy pestles working in a rectangular 
mortar, each of which is alternately lifted by means of a cam, and subsequently let fall with its 
full weight upon the ore to be operated on, and of which, after being previously reduced to frag- 
ments of proper dimensions, a constant supply iB introduced into the mortar, or battery-box. 

When quartz-mining was first practised in California, the lifters or stems of the nestles 
employed were made of word, furnished with cast-iron heads, attached by means of a wrought-iron 
shank driven into the lifter, and secured by two strong rectangular bauds of flat iron. In most 
mining districts in which these wooden stems are used, the lifting of the pestle is effected by a 
large wooden or cast-iron drum, around the periphery of which cams are arranged in a spiral 
form, which, coming in contact with tongues, or tApiWs. fixed in the lifters, thev are raised to a 
certain height, and. being suddenly released by the continuous motion of the axle, fall with their 
whole weight on whatever may happen to be l>encath them. In California, however, another 
arrangement is employed for imparting motion to the pestles or stampers of a battery with wooden 
stems. Instead of a large cylindrical axle, a wrought-iron shaft is made use of, and on this are 
keyed a series of long curved cams, which enter mortice or slot holes, in the several stems, and 
cause them to be alternately lifted anil released, precisely as in the case of the ordinary stamping- 
mill, provided with tnpjH ts and a drum-axle. When wooden stems are made use of, they are 
usually about six inches square, and cut out of ash, or some other hard wood, having a straight 
rain. These wooden stems with square heads have, however, been almost universally superseded 
y the rotary stamp, with a round stem of iron, to which a circular motion is given by the friction of 
the cam in lifting, and which, being continued up to the moment of its release, is prolonged during 
its descent, thus imparting a grinding action to the cylindrical head at the moment of its coming 
in contact with the n>rk to be broken. 
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The rotary stamp is said to be more efficient than the rectangular one, and to grind a larger 
quantity of rock in a given time : but however this may be, it is certain that the faces of the heads 
wear more evenlv, and that a rotating battery nature* less frequent repairs, than one made on the 
old principle. 1 ho battery-box is generally composed of one solid casting, ami usually receives 
either four or five stampers ; when additional reducing power is required, other similar boxes are 
placed on the same line. In most instances such batteries are arranged in sets of five stampers in 
each mortAr, two of w hich are placed side by side in the same framing, ten stampers being thus 
set in motion by one shaft. Two flvo-Htainjt batteries, of a construction frequently employed, 
aro represented, Fig. GOO lxdng a back elevation, and Fig. 601 a transverse section ; the iron 
rods A are the stamp sterns. It the shaft, 
and C the cams. This shaft is provided 
at one end with a large pulley I), which is 
generally constructed of cither kiln-dried 
wood on arms, inserted in a cast-iron bon, 
nml then turned off in place, or is built 
solid of well-seasoned planks ou a bored 
Issjm, and, as in the other case, turned, 
after being keyed to the shaft. When 
several of these l lotteries are arranged in 
one house, the motive power is communi- 
cated, by means of a imsul belt, to the 
intermediate shaft It', which is fitted with 
pulleys corresponding to those on the 
shafts B, with which they are severally 
connected by belts. These belts, which 
are manufactured out of a combination of 
canvas and india-rubber, arc, from the first 
motion to the intermediate shaft, sometimes 
as much as 2 ft. in width. The Wits from 
the second motion to the shaft on which 
the cams are keyed, an* made of a thinner 
material, and are from 1 ft. to 14 in. wide. 

The lift of the stampers varies from 9 to 
12 in., but 10 in. may be considered as 
about the average; and their weight, in- 
cluding the iron stem, varies from 550 to 
900 lbs. Tho order in which the several 
stampers, included in one box, strike their 
blows, in a five - stamp battery, is not 
always the same in all establishments, but 
in most instances the first blow is struck 
by the central stamp. This is followed by 
the outside one to the right, then by the 
second to the left, afterwards by the second 
to the right, nml finally by the stamper on 
the extreme left of the series. The num- 
ber of blows struck by each stam per is 
from sixty to eighty per minute. The first 
portion of the stamper <i is sometimes coat 
on to the stem, but more frequently it is 
fastened by wedges, and 1ms a round 

aperture, in which is inserted the spill of the shoe ri firmly driven in or fastened by dry wooden 
wedges, which expand on coining in contact with water, and hold it securely in its place. The 
battery-box is either of iron, cast in one piece, or its bottom alone may be of cast iron, and its 
sides of wood ; in which case the lower portion of it, together with the inside of the food-hopper, 
must bo lined with sheet iron, $ in. in thickness, fastened by Ith liolts. Immediately under each 
of the staiu|iors is placed a short cylinder of cast iron a'\ which is retained in its position, either 
by fitting into a circular bedding, in which it may he keyed by wooden wedges, or it is provided 
with a square flange, which, coming in contact with those of the other dies and the sides of tho 
box, act ns distance-pieces, by which it is kept in its proper position. Those, and tho shoes of tho 
stampers, are, when worn out, readily replaced by new, a considerable economy of time and money 
being the result; the parts worn out are merely coarse castings of chilled iron, without any kind 
of fitting. Tho hole * is for the purpose of forcing iu a drift above the spill of the shoo, ami thus 
removing it when a new one is required, whilst the hole x is employed in the same way for 
getting off tho boss from the stem. In (rrass Valley, and some of tho other more important 
mining districts, tho boxes E are, almost without exception, composed of single iron castings; but 
in localities where amalgamation is conducted in the battery itself, the sides and ends are some- 
times of wood, the bed alone being made of iron ; and when this method of construction is adopted, 
two plates of amalgamated copper, £th of an iuch in thickness, are often bolted at b on either side 
of the row of stamper*. The rock to be crushed is Introduced by a shovel at c, and a plate of per- 
forated sheet iron, fastened either in a wooden frame, or retained iu its place betweeu the two 
rectangular iron tniuds, tightened by cotters, is Introduced before tho opening d. The battery- 
bed, whether entirely of iron, or consisting only of an iron bottom, with lined wooden sides, 
is firmly bolted to a block of wood, at least 2 ft. square, and of which the dimensions, when very 
heavy stampers are employed, aro even much greater. This either forms, us in the drawing, 
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a portion of the general framing of the arrangement, or is now more frequently, to prevent jarring, 
made quite independent of it. It is, however, essential that this portion of the structure should he 
well bedded on a solid foundation, and, if possible, rest directly on the bed rock. Occasionally 



dies. B, Camshaft, Z» , Second-motion shaft. 6, Amalgamated copper plates. C, Cams, 
c, Feed-hopper. V, Driving-pulley. J, Grating. Jb% Battery boxes or coders. <»,/, Water- 
pipes. (i, Blanket-board. g t Busses by which stampers ate lifted. A, Props for stampers, 
x, x\ Drift-holes. 

quartz is crushed dry, but much more frequently water is admitted, and for this purpose a gas- 
pipe e affords the necessary supply, which enters the boxes through the branch pipe* /, fitted with 
cocks for regulating the quantity introduced. The studs </, agninst which the cams come in 
contact, and by which the stampers are raised, are fitted on the iron sterna by meant of keys, 
which admit of their positions being readily shifted, when rendered necessary by the wearing of 
the shoes. 

The props A shown in one of the batteries, bnt omitted in the other to avoid complication, are 
used for keeping up the stampers, cither when the battery-box is being cleaned, or when a portion 
of the machinery is thrown out of action for the purpose of repair ; to do this they are successively 
pushed forward, so as to catch beneath the several bosses >j, when lifted by the cams to their full 
height. When not so employed, the props are allowed to fall back out of the way of the stems, as 
shown in the sectional drawing. The size of the ai»erturea in the gratings or sieves at t/, differ in 
accordance with the fineness of the gold contained in the rock treated, and is also, to a certain 
extent, varied in conformity with the particular views of tho superintendent of the mill on that 
subject; but it is evident that with very small Apertures the amount of quartz crushed, all other 
conditions being equal, will be less considerable than when a coarse screen is employed. The sizo 
of grating commonly made use of in some of the best mills in the Grass Valley district is shown. 
Fig. 602, which is known as No. 8. 

In order to combine strength with tho largest possible open surface, the apertures arc some- 
times made of an oblong form, and arranged as in Fig. 603. 

In some establishments these gratings are fixed perpendicularly, as seen in Figs 600, 601 ; but 
more generally they are slightly inclintd outward, and this arrangement is evidently attended 
with certain advantages. When the grating is placed perpendicularly, a particle of quartz or 
other pulverized matter, splashed against the screen by tho fall of the stumpers, can only pass 
through it in case of being projected directly through one of the openings ; and should it striko 
against a portion of the solid plate between the holes, will run down with the water on the inside. 
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»nd again settle in the battery-box. If, on the contrary, the grating lie placed at a considerable 
inclination outward, a particle of pulverized rock, which has not been projected immediately 
through the grate, may, on running back with the water over its inner surface, pass through one 
of the apertures and escape into the trough on the outside of the battery. 


003 . 



Stamp Grate, with Round Holes. 
(Full Size of Apertures.) 


« 03 . 



Stamp Grate, with Oblong Hot**. 
(Full Size of Apertures.) 


In all machines of this description, it is of importance that each particle of the rock operated 
upon should escape from the action of the stampers as soon as it has become sufficiently reduced 
in size, and with this view the grate-surface is in the Californian mills extended as much as 
possible, being generally marie of nearly the full length of the battery-box. With a view of sup- 
jiorting the grating, and protecting it against injury from the impact of the water dashed against 
it by the falling stampers, the Bheet-iron plate is externally strengthened by the application 
against it of some thin iron bars. 

When the high cast-iron mortar is made use of, which is now generally the case, it has the 
form represented. Figs. 604 and 605, which the first is a transverse section, and the second a front 
elevation ; the dies are fitted on the bottom A. and the quartz fed through the opening B, whilst 
the screens are fastened, bv nails or screws, to a frame which is firmly secured in grooves provided 
for its reception at the ends of the mortar, and by two logs at the bottom of the opening C. 



Iron Buttery -box. 


In some cases, instead of employing a double earn, as seen in Fig. 601. a single one is made use 
of. This has generally the form shown. Fig. 606, and possesses the udvantuge of allowing the 
axle to be placed nearer the stamp stem than it can with any other cam, and also that by its use 
a greater number of blows can be struck per minute without danger of breakage. 

The auriferous material having been reduced to the state of a finely-divided powder, it becomes 
necessary to provido means for the concentration and separation of the gold, which is more or lew 
perfectly effected by an almost infinite number of different contrivances, varying slightly in their 
details in almost every establishment that may be visited. However much the processes employes! 
may differ in this respect, only two decidedly distinct systems are now practically in use in Cali- 
fornia, namely, amalgamation in the battery, and crushing without the use of mercury, amalgama- 
tion being subsequently effected by moans of appliances specially designed for that purpose. 

Amalgamation in the Buttery . — When this method is adopted, the lotteries are often provided 
with amalgamated copper plates h. Fig. 601, about 5 in. in width, extending the whole length of 
the box ; one on the feed side and the other at the discharge, the latter being protected by the 
sheet-iron lining of the feed-hopper, and each having an inclination of from 40 J to 45° towards 
the stampers. 

When these are not employed, spaces for the accumulation of amalgam are allowed between the 
dies and the sides of the box, and vertical iron bars are placed inside the gratings, between which 
the hard amalgam is found to collect. The copper plates are covered with mercury, by means 
of a rag dipped in dilute nitric acid, with which quicksilver is rubbed over the surfaces to be 
coated, in the same way as on those used in ordinary sluices. Quicksilver is also sprinkled into the 
taxes, by the feeder, at intervals of about an hour, and in quantities varying with the richness of 
the rock operated on. One ounce of gold requires for its collection about an ounce of mercury ; 

t 2 


Digitized by Google 




276 


BATTERY. 


bnt when the gold in in a finely-divided state, the addition of another quarter of an ounce of this 
metal is thought advantageous. The proper proportion is. however, readily a.scertained by closely 
watching the discharge. If any particles of amalgam which may pass through he hard and dry. a 
little more quicksilver must he introduced ; hut if, on the contrary, they la* soft and nasty, or 
globules of mercury make their appearance, the supply in the battery must he diminished. 

When the proportion of mercury has been properly adjusted, the amalgamation of the gold is 
very completely effected, except in cases in which the ores contain large quantities of lead or 
antimony, and have been previously burned for tho purpose of expelling their more volatile 
constituents, by which treatment the particles of gold often become coated in such a way as to 
interfere with their combination with mercury. When the proper projiortion of quicksilver has 
been regularly introduced, and the rock contains coarse gold, from 60 to 80 |K*r cent, of the gold 
saved is caught in the battery ; hut when, as in the case of some of the ores of Nevada, the gold 
is in a very finely-divided state, and is associated with ores of silver and other sulphides, the 
results obtained are less satisfactory. The alloy resulting from the treatment of such ores con- 
tains silver, and in some cases affords from 300 to 400 thousandths only of gold, often pro- 
ducing a spongy amalgam of a dark colour, made up of an aggregation of numerous finely-divided 
particles. Kiistcl is of opinion that this effect is partially due to the presence of manganese, hut 
it appears difficult to understand how this sul>stance should influence, to any important extent, 
the combination of gold and mercury. This amalgam is exceedingly light, and is, therefore, 
difficult to collect, either by riffles, copper plates, blankets, or any of tho other appliances com- 
monly employed for the pur}>ose. 

When, therefore, ores contain much lead or antimony, amalgamation in the batterv is not to bo 
recommended, since this spongy amalgam is more difficult to retain than the most finely-divided 
gold, and a large proportion of it floats off over the blankets, riffles, or copper plates, which may 
!*• arranged for the purpose of arresting its progress. There is, lies idea, no evidence that battery 
amalgamation possesses, under any circumstances, a decided advantage — for gold ores not associated 
with sulphide of silver — over stamping without the use of mercury, nud in some of the most produc- 
tive gob l districts it is seldom resorted to. 

In order to collect the particles of gold and amalgam escaping from the hattery-lwx, various 
ingenious contrivances art* employed ; hut ns these arrangements differ hut little in their details, 
whether mercury be employed in tho battery, or the amalgamation entirely effected after tho 
oacAjK* of the pulverized material through the screens, wo will proceed to describe the system 
generally in tue in the northern quartz mines, in which the various arrangements are of the most 
improved description. 

This article, with some slight alterations being made, is taken from J. A. Phillips’ excellent 
work, ‘The Mining and Metallurgy of Gold and Silver.’ 

BATTERY, Sine’s. Fa., Butlcrie Jiottante ; Gkb., Schwimmcnde Battcrie ; Ital., Batteria galleg- 
giante ; SPAK., Materia, 

Any place where cannon or mortars are mounted, for attacking an enemy or for battering a 
fortification, is termed a battery. This term also signifies a body of cannon for use, token col- 
lectively ; as, to discharge the whole battery at once ; a ship’s battery. 

Cannon were introduced on hoard ships soon after these wea}>ons came into general use, and 
they were at first applied on the non-recoil system in wooden immovable carriages,- but os tho 
size increased, it was found indispensable to allow of, but to absorb, the recoil, and to provide 
means of training or )>ointing the gun irrCK)>ective of the movements of the ship. Thus the 
trunnions of the gun for elevation and depression when the level was changed by the “ heel " or 
inclination of the ship, tho “trucks" or wheels on which tho carriage and gun moved backwards 
when fired or were run ** up" or “out" when loaded after firing, became necessary fittings. Then 
there was added, still further to meet more onerous conditions, “ breechin ” ropes to limit the recoil, 
and tackles to run the gun out. The latter)' was that part of the ship where the heaviest artillery 
was carried ; smaller pieces were distribut'd aliout the pnnp and forecastle ; and the ship was 
divided into two strong sections, called close quarters, forward and aft, where, in the event of 
boarding being successful, the crew could retire and fight, as in a castle or tower, although tho 
cuemy occupied fully the midship deck. 

Modern science has recognized two broad divisions of the battery — broadside and turreted 
guns. In the turret system a few guns of gTcat jiower are carried in the centre line of the ship, 
end are so fitted as to command a tiro all round, where there are, as in a raft, no impediments from 
masts, ropes, or sails, and not much lateral motion, as pitching or rolling. 

Cowper Coles, in Europe, and J. Ericsson, in America, are the chief exponents of this system. 
There is a subdivision of turrets into fixed and revolving. The fixed turret approaches nearly to 
the box-battery ; the revolving turret approaches most to tho single pivot-gun. Examples of each 
are given. See Okhnaxce. With a given tonnage, more guns of equal power can be earned on the 
broadside than on the turret system, since that necessitates two separate armours — the one for the 
gun, the other for the ship ; and it is not a sufficient answer that less of tho ship’s aide has to bo 
armoured, and therefore loss weight need be carried; since, if the same number of guns only are 
insisted on, no more armour is necessary in the one case than the other. In the latest development 
of the two principles, from twelve to sixteen guns of equal weight and power tan l>e carried in the 
broadside-ship, as against four to six in the turret, on the some tonnage and at the same expense. 
Added to this, there is the fact tlmt no turret-ship has yet been devised that was equal as a 
habitation for seamen, and therefore, in seaworthy qualities, to the broadside-shi]M. For coast 
and river defence the turret ships or rafts are eminently useful; for keeping the sea in all weathers 
they are utterly inefficient. 

The forms of carriage for the (lotteries of ships have undergone a considerable change within a 
few years, mainly consequent on the introduction of much heavier pieces of ordnance up to 20 tans, 
where previously 5-tan guns were the exception, and the fact that armour outside the ship renders 
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it possible to apply more complicated mul delicate mechanism without the fear of having it too 
much exposed to the effects of shot and shell. 

Simple ns the invention of a suitable gun-carriage for heavy naval ordnance mnv appear, yet, 
in attempting this apjmrrntly easy task, before It. A. Scott succeeded in accomplishing it, many 
ingenious inviutors failed. Captain Scott found that it was of much importance to keep heavy 
guns ns closedown to the deck ns jwisj.il. h-, to give more effect to his compressors, and not, as Scott 
and others suppose, that the shock is greatly diminished by the deck by having the gun so placed. 
The principles upon which the compressors an* constructed, and thoeo by which they are njMTnted, 
were first brought into practical operation by J. Ericsson (see Qcm*Carkiaob). However, at 
present it is only necessary for us to show the value of Scott’s gun-carriage in the formation of a 
ship's battery. 

Fig. <»07 is an elevation, ami Fig. f.08 is a dirk-j»lnn, of one of those carriages, constructed for 
one of the 10-in. broadside-guns of ll.M.S. ‘Hercules.’ The carriage first |>ro[wmcd by Scott, 
which we gave in our sjjcciiucn I'art, differs in arrangement, but not in principle, from the carriage 
shown in Figs. 607, 008. 



«W. 



The sides S, 8, Fig. 008, of the slides are of |-section iron, a portion of which is hollow, and 
sometimes filled in with wood, which projects slightly beyond the top aud bottom flanges. On the 
outside of the slide on each side there are supported by pins a pair of iron bars B, B. Figs. 007, 
008; these bars arc placed at a short distance apart, and grasped by the compreasora at the same 
time as the sides of the slides are grasped : the part* secured by the compressors 
are shown in section, Fig. 000. 

Although Scott has succeeded in effecting the object he had in view, yet it docs 
not appear that he is aware that he, or rather Ericsson, has introduced a mechanical 
principle entirely new, upon which shocks and concussions may Is- given without 
returning any great amount of rebound. Koch jmrt of his invention shows much 
practical skill and ingenuity; yet the whole would fail but for the symmetrical and 
uniform grips taken by his compressors. In fact, he can secure comjxwite beams of 
wood or Iron so that their vibrations become as regular ns the strings of a violin : 
the concussions of the vibrating waves of the compound beams B 8 B destroy a force which in other 
cases produce rebounds. The friction of which Scott speaks lias not the effect which he attributes 
to it. If the beams BSB were made of iron, they would not answer the purpose as well as wood: 
the wood receives all the force, and passes it forward. Wood does not offer a greater resistance 



Digitized by Google 



278 


BATTERY. 


than iron, but the wood josses the force applied over the part* equally : whereas the iron passes 
the force with a rebound or shock. The one receives it, and, to use an ordinary phrase, swallows 
it, and passes it more leisurely to other parts ; iron would receive the force, and return it suddenly, 
which might cause mischief. 

It should not lx* forgotten that a vessel of 30 tons can easily carry, and may with impunity 
make use of, a gun of 5 tons weight, since the vessel in such a case become* the gun-carriage 
floating in water, and capable of absorbing the recoil, ns a larger vessel will not do. The ‘ Staunch ’ 
is an example of this class of gunlxiat, and in her the gun, when not in use, is lowered, so as not 
unnecessarily hi keep the centre of gravity high when not fighting. Any modification of the 
MoncriefT principle applied to gunboats or even vessels of larger size, would su|)ersede turrets by 
the adoption of this alternate raising and lowering of the gun itself, since no armour is needed fu- 
tile protection of the gun during its short exposure in pointing and firing. The broadside battery 
has in no great degree* changed since the system was first introduced, unless by the providing 
more aud more efficient bow and stem fire, or, as it is called, all-round Jirc, by splaying the ports, 
by retiring them or placing them in indents (this system having the same objection as deep 
embrasures, in that the enemy’s shot are guided into the ship), or again, and most successfully, by 
better means of training on axes or turn-tables, and by muzzle-pivoting. In great naval battles, 
the broadside has always a marked advantage, since no such action has been fought without a 
necessity for engaging on Ixdli sides ; and here number of guns must tell, and the turret system, 
which admits of hut few guns, must necessarily be at fault. 

A buttery is said to be concentrated when a certain number of the guns are so trained and laid, 
ns that, on being simultaneously fired, their shot will strike at marly the same moment in nearly 
the same spot at a previously determined range. 

This is done by measuring the distances between the centres of each port; and. after deciding 
the desired range to bo, say 200 yards, calculating each angle of training, and inserting a mark on 
the deck. Now, at this range there will he no elevation. Each gun is trained by the nail on the 
deck ; and a good marksman beitig posted at the gun, on which the whole battery or a part of it 
is concentrated, all the guns are fired at his w ord of command, and their shot must inevitably strike 
wherever his does. As the range is a fixed quantity, and forms one side of the triangle : as the 
angle of training of the gun chosen to concentrate on is either 90° with the line of keel for the mid- 
ship gun, or about 45° for a lx>w or stern gun ; all the other intermediate angles are cosily calculated 
from these by the diminution of base due to the distances between the centres of gun-ports. 800, 
000, and 200 yards are the usual distances for concentration. 

et«. 



Guns concentrated on A, the after-gun ; B, the midship : and C, the foremost gun. 

The general arrangement and details adopted by Capt. Coles, R.N., in the construction of the 
cupola or turret batteries on board the * Royal Sovereign * are shown in Figs. 011, 012. 

The * Royal Sovereign * carries four turrets, mounting in nil five 300-lb. Armstrong guns, two 
in the forward and one in each of the after turrets. We take the forward or tw in-gun turret, which 
is 22 ft. 9 in. in diameter, and 18 ft. 9 in. outside, Fig. 61 1. First, we have a massive framework 
of wood constructed on the main deck, and supported by the deck-lM-nma and wmtigbt-iron 
columns. The centre is formed of two large rectangular blocks of English oak, making a square 
of 6 ft. 3 in. x 2 ft. (! in. deep, with n round hole in the centre 20 in. in diameter. Immediately 
under this is placed two talk* of English oak, 18 in. x 15 in. x 30 ft. in length, running fore and 
aft, and bolted down to the deck-beams ; on this, segments of English oak are placed, cut to an 
inner radius of 9 ft., and forming a ring of 9 ft. 6 in. outside diameter, which is firmly (silted to 
the fore-and-aft beams just mentioned; round the outside of this ring three hands of American 
oak are bent, each 12 in. deep x 3 in. in thickness, ami bolted to the segment forming the inner 
ring by 1-in. bolts. 8ix arms or spoke* radiating from the centre, each 18 in. x 12 in., like tho 
centre and inner ring, are made of English oak ; on this substantial and massive framework is 
bolted a turned cast-iron roller-path. In the centre is a hollow tube of wrought iron, 2 ft. 2 in. 
outside diameter, 3 in. in thickness, and 7 ft, 3 in. in length, forming the pivot on which the turret 
revolves, and acta as a safe communication with the magazine below. A large casting, which 
forms the centre, round which a live wrought-iron ring, lined with brass, revolves, is placed round 
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this pivot, and sits upon the wooden framework bolted through to a somewhat similar casting 
below% which is supported by a forked wrought-iron column resting on the keelson. Wo are now 
come to the turn-table or platform on which the turret is built. It is a large disc of woodwork, 
24 ft. 8 in. in diameter, and 12 in. in thickness, built of oak slabs, 14 in. x 6 in., bolted together, 
the top layer being placed at right angles to the bottom one. Near tho outside tho thickness is 



increased 4 in. by a circle of oak, 3 ft. 9 In. in width x 6 in. in thickness, let into the other portion 2 in. 
On the under-side of this platform is fixed the cast-iron upper rolling-path, fastened by 1-in. bolts, 
which pass through the frame to rings of wrought iron, 9 in. x f in., let info the top, to which they are 
secured by nuts. In the centre of this table is fix* d a large kind of angle-iron ring of cast iron, with 
the flange on the bottom side, and bolted through 
in the same manner as the path. This casting is 
bored out, and a brass brush let in, J in. in thick- 
ness x 15 in. in depth, which forms the moving 
rubber surface round tho axes. Between this 
casting and the lower one are arranged twelve 
brass conical rollers, 5} in. in diameter at their 
largest part, and 5} in. wide, supporting the 
centro weight of the turret. These rollers are 
placed in a live ring of brass; the pins round 
which they revolve are 1| in. in diameter, and 
screwed info tho inner part of the brass ring with 
a jamb-nnt screwed up to prevent the pin turning. 

A -k-in. washer is then put on, and segments of 
wrought iron, 4 in. x $ in., are fastened over tho 
whole thing by 1-in. sqnare-headed wood screws ; 
the outside nuts of the roller-pins are tightened 
against these segments. 'The centre line through 
the inner rollers is 5 in. above the centre line 
through the outer ones, which are thirty-six in 
number, made of cast iron and turned conical, 
the largest diameter being 18 in. x 9 in. wide ; 
they are cast H sections, the boss is bored, and a 
brass brush fitted. The framework in which 
these wheels revolve is made of an inner and 
outer ring of wrought iron, each G in. x f in. Tho 
inside diameter <yf the inner ring is 19 ft. 2 in., 
and the outside diameter of the outer ring is 
21 ft. 3$ in. Like the outside ring of the centre rolling-frame, these rings are made in short 
segments with joint-plates on the inside, each fastened by four $-in. bolts, the two outside ones 
being long enough to pass through both rings, with a nut nt either end ; round these long bolts is 
a piece of in. gun-nawel tube, which acts as a stay or distance-piece, to which the rings are 
screwed home. There are thirty-six segments to each ring. The radius- rods are 2 in. in diameter, 
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increased to 2\ in. at the en<la. The inner end is screwed into the live ring before described with 
a jamb-nut on the outside ; the opposite end passes through the roller and large rings, with two 
jamb-nuts on the inside, and one nut, with a pin through it, on the outside. 

On this turn-table is built the turret, a little eccentric to the platform, that is to say, the 
centre of the turret is 11 in. from the centre of the platform, and is formed of thirty upright frames, 
made of T -irons, angle-irons, and plates. The T -irons which form the inside circle are 6 in. x 
10 in. x Jin. The plates on the outside are 10 in. x Jin., with an angle-iron riveted on either 
side, 3 in. x 3 in. x J in. The T -iron* extend from the platform to the top of the turret, a height 
of 9 ft. G in., whereas the J-in. plates and angle-irons only extend 3 ft. 7 in. in height, and are then 
brought round to form the rapport for the woodwork and armour-plating. Between the vertical 
T-irona, and beginning at 3 ft. 7 in. from the platform, are nicely-fitted balks of teak, 18 in. x 
10 in. x G ft. in height; round this, and let in Hush with the outside of the teak, are systems of 
diagonal bracing or trellis- work, with one lrnop top and bottom, 6 in. x j in., which is also the 
scantling of the diagonal liars. Over this is built another ring of teak balks, 18 in. xlOin.x 6ft., and 
on the outside of this is the armour-plating, consisting of twenty plates, 5 ft. 4 in. x 3 ft. 6 in. x 5} in. 
in thickness, sheared to the framework of wood and iron by four 2-in. countersunk galvanized bolts 
to each plate, passing through to the inner lining, consisting of fin. plate-irons. In addition to this 
lining there are two wrought-iron rings in the inside, through which the bolts pass, and to which 
they are secured by an ordinary nut. The upper lump is 14 in. deep x 2 in. in thicknesa, and the 
lower one G in. wide x 8 in. in thickness. There is a double thickness of armour-plating, 12 ft. 
long, on the port-hole side of the turret, the inner plate being 4J in. in thickness, making a total 
thickness of 10 in. solid plating. The roof is formed of wrought-iron rolled beams, something like 
a double-hauled rail, except that the top flange is an inch wider than the bottom one. the top 
being 8) in., and the bottom 2} in. These; beams are 4| in. deep, weighing 15 lbs. to the foot-run, 
or 45 lbs. to the yard. They are placed 2 in. apart. and pass through the woodwork resting on the 
armour-plates ; these are covered with 1-in. wrought-iron plates, bolted to them. There are also 
side-laps about every 3 ft., which are bolted to the armour-plates. There in an opening above each 
gun, 20 in. in diameter and 9 in. deep, packed round with wood, covered with plating ; these are 
merely light-holes. There are also two slits over each gun, 4 ft. long by at>out 8 iu. wide, for the 
“captain" of the gun to take his aim through. Then- are two cowl-pipes for ventilating each 
turret. The short standards with hand-rails are used for stowing the hammocks in, while tho 
long ones merely serve as a hand-rail for the look-out. The port-holes are 20 in. x 3 ft., half round 
top and bottom, and lined in the inside with iron, ^ in. in thickness. 

We now' come to the turning-gear, which consist of four winch-handles and gearing, working 
two vertical shafts, one on each side of the cupola, 2J in. in diameter. Two of these handles work 
inside the turret, the other two on the outside. As they are all four alike, we need describe only ono, 
which consists of a common winch-handle. Fig. G12, 15 in. radius, attached to a spur-pinion, loin. in 
diameter, 1J iu. pitch of teeth, 38 in. breadth of some, twenty -one in nnmber. This pinion works 
into a spur-wheel, 30*4 in. in diameter, 1 J iu. pitch of teeth, 3f in. breadth of same, sixty-three iu 
number. To this is attaches] a bevil-pininn, G in. x 18 in. X 4 in. x 1 1 teeth, working into n lievil- 
wheei, 18 in. x 18 in. x 4 in. x 33 teeth. This wheel gives motion to the upright shaft, to the end 
of which is fixed a spur-pinion, 10 in. x 2J in. x 6 In. x 14 teeth, working into the huge wheel 
bolted to tho framework, the size of which is 22 ft. x 2J in. x G in. x 371 teeth. 

The mechanical advantages gained by the gearing up to the periphery of the pinion which 
works into the rack = 27 to 1. 

If we suppose the whole weight of the cupola and guns. 140 tons, to bo concentrated on a circle 
. .. . , 30 x 30*4 x 18 x 204 _ 4 f 

of 15 ft. in diameter, we have: — — — — — = 40*1 to 1. 

’ 10 x 6 x 10 x 180 

Eight men are the full complement for working tho gearing, four inside and four outside tho 
turret, the speed = 1 revolution a minute. Four men can work it, but, of course, they take double 
the time. 

In addition to the four winches just described, there is what is termed the deck turning-gear, con- 
sisting of two winch- handles, each 15 in. radius, working a bevil-pinion 11* 1 in. x 18 in. x 5 in. x 
20 teeth, working into a bevil-wheol. 32*25 in. x 1| in. x 5 in. x 58 teeth. At the other end of the 


shaft to which this wheel is attached is a face-pinion, 10 in. x 2J x G in. x 14 teeth, working into 
face-rack on turret, 24 ft. 6 in. x 2J in. x 6 in. x 412 t<K?th, tho mechanical advantage gained by this 
gearing from the winch-handle up to the periphery of the pinion which works into the rack = 8*7 tol. 
But assuming, as before, that the weight is concentrated in a circle 15 ft. diameter, we have — 

30 x 32*25 x 294 , ( n 4 , 

11- 1 x10 x180 = 14 2 tol ' 


There are three small crab-winches attached to the revolving platform, two of which are used for 
working the guns, and one for liftiug tho shot. 

There is a dear space of 3 in. all round the turret and the well or hole in the deck, and this 
space is covered by a leather flap or ring attached to tho turret, and Inuring on a brass ring fixed 
upon the dock ; this leather flap is weighted with a strip of iron round the outside, in order that it 
may fit close to the deck. 

The edge of the hole in the dock, within which the turret is placed, is strengthened by a 
WTougbt-iron well-ring, weighing ntxmt I J ton, and formed of 1-in. plate of wrought-iron, 2 ft. deep, 
with angle-irons on the outside, top and Ixittom. Freni this ring radiate iron beams, some leading 
transversely to tho sides of the vessel, and the others to the deck-beams, to which they are firmly 
attached. On these beams are laid the 1-in. plates forming tho deck, and upon those is placed 
•round the turret a “glacis-plate," consisting of a ring 30 in. wide, and tapering in thickness from 
3 in. at the inner to nothing at its outer edge. 

Over the glacis-plate comes the deck, tapering in the opposite direction from G in. to nothing. 
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aiul upon this in laid round the turret n ring of J-in. stamped wrought-iron platen, 2 ft. C in. wide, 
which nerves n hi protect the deck from being scorched by the dincharge of the gun. 

The deck of the vessel rises at an angle of y from the sides towards the centre, and is formed 
of 1-in. wrought-iron platen, covered down the centre for a width of 2(» ft. with 8-in. teak planking; 
the remainder of the surface is covered with 6-in. plunking. The deck is carried by wrought-iron 
rolled beams placed 12 in.n|Nirt between the main wooden deck-beams, and the 1-in. plating is laid 
on in strips about 12 ft. long by 2 ft. 6 in. witle, joined together by J-iu. rivets, and covering stri|j« 
4 in. x 1 in. The 1 -in. plating is doubled round the njtenings for the turrets, hatchways, and 
funnel ; and a double thieknesn is also carried, fore and aft, between the turrets and the sides of 
the shin. The armour-] dates are bedded upon crossed diagonal planking, which was added to the 
original sides of the vessel on her conversion from a three-decker, making the total thickness of the 
timl>er- hacking 3 ft., as shown iu Fig. (ill. 

It may be necessary to add that the turrets are now made concentric in place of eccentric to 
tin* platform; that, iu lieu of the small winches before mentioned, they nut n much larger one, 
with an endless chain, to work tin* guns. See a p«)»er by J. Daily, published in the ‘ Artizau/ 18418. 

The ship turret-battery of Ericsson is shown iu big. 013; the pilot-house is stationary and 
above the rotating turret ; this arrangement enables the commander to direct the helmsman, who 

613 . 



is near hirn, and the gunner below, while lie, tho commander, is observing the enemy. The turret 
A is 24 ft. inside diameter, 9 ft. 0 in. high, and 15 in. thick, composed of two separate cylinders 
formed of plates 1 in. thick, lapped and riveted together. The outer cylinder, composed of six 
plates, was built on a staging above the inner one of four plates, and Bfter completion was slipped 
over it. The annular apace of 5$ in. between tho cylinders is fillod with segmental slabs, 5 in. 
thick, made of the best malleable iron. These slabs were mado only 11 J in. wide, in order to save 
time. B is an extension attached to the top of the turret. com|>osed of plate J in. thick, bent out- 
ward in the form of a trumpet, in order to throw oft’ the »*a in l»d weather; C is a wooden grating 
extending round the turret extension, supported by and bolted to brackets D, at intervals of 3 ft. ; 
K. stanchions for supporting a rope-rail carried round tho wooden grating; F, stanchions for sus- 
taining an awning in fine weather: (», the pilot-house, 8 ft. inside diameter, 7 ft. high, and 12 in. 
thick, formed of two se|>arntc cylinders, each rmn|>orted of six plates 1 in. thick, lapped nnd riveted. 
After completion, the larger cylinder was forced over the smaller one. The roof is composed of 
throe plates, 1 iu. thick, covered with 8 in. thickness of wood, and an outer plnting 1 in. thick. Tho 
roof is inserted below the top of the cylinders, and is thus protected from shot ; both cylinders are 
pierced with eight elongate*! sight-holes. Tho weight of the pilot-house is supported by a broad 
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wrought-iron cross-piece H, scoured to the circumference of the house by angle-irons, this cross- 
piece resting on a collar near the upper end of the stationary vertical pillar I, round which the 
turret turns. The floor of the pilot-house consists of wooden gratings provided with grated 
hatches moving on hinges. J is the upper turret-beam of wrought iron, 11 in. deep, 8 in. thick in 
the middle, sustaining rafters which support a series of bars K, 4 in. deep, 3 in. thick, placed 2$ in. 
apart, on the top of which are placed fK*rforated plates 1 in. thick covering the entire turret. L are 
the gun-slides, four in number, 10 in. deep by 4 in. thick, of wrought iron, the ends of which 
rest on plate-rings secured to the turret, their middle resting on the lower turret- beam M. N is a 
cross-piece of wrought iron, suspended under and let into the central pair of gun-slides, and into 
which are tapped the diagonal braces O. By means of these braces O, the entire weight of the 
turret may be suspended on the collar n' of the turret-shaft. P is a spur-wheel bolted to the 
under-side of the gun-slides and lower turret-beam, and worked by a pinion Q on the vertical shaft 
Q', at the lower end of which is the spur-wheel Q", driven by a pinion on the axle R, anil on which 
is fixed the spur-wheel R'. This spur-wheel is in turn worked by the pinion 8, on the lower end 
of the shaft H\ which is provided with a crank 8", and turned by an engine consisting of two cylin- 
ders 12 in. in diameter and 16 in. stroke, placed at right angles, and bolted to the under-side of the 
deck-beams T. U is a port-stopper for preventing shot from entering the turret, composed of a 
massive block of wrought iron bent in the form of a crank, provided with bearings, in which it 
nmy be turned into such a position as to admit of the gun being rolled out, while, when turned 
into another Tswition, it closes the port. V is the gun-carriage; V' a rack on the under-side of 
the same; V" a pinion for moving the gun on the slides, nnd by means of which, combined with 
a friet ion-coupling, the recoil is checked ; W is a radial sliding-bor for passing the shot into the 
muzzle of the gun without handling; X is the steering-wheel, and Y the double barrel for the 
steering-chains Y‘, which run upon rollers under the deck-beams. <i is a bar of steel, 2} in. square, 
inserted in a groove formed on the port side of the turret-slmft, provided with cogs on the opposite 
sides, by raising or lowering which, by means of a train of wheels in the steering-box 6, the chain- 
barrel is worked through the pinion c; e, fore and aft bulkheads to support the weight of the tnnet 
and turret-shaft, strengthened with angle-irons, 6 in. by 4 h in., placed 18 in. apart, upon which 
rests the cast-iron saddle / ; //, a key for regulating the height of the turret-shaft, abovo and below 
which are plates g’ and g" of composition metAl to prevent cutting; A is a cast-iron bearing for 
giving lateral support to the turret-shaft, into both of which square kevs are let in, to prevent the 
shaft from turning ; i is a wrought-iron plate, polished on the top side, secured to the deck ; a 
corresponding plate of composition metal, with a projection on the inside, being fitted under the 
base of the turret, with which it revolves. This composition plate does not extend under the outside 
cylinder of the turret, which is supported by being bolted to the base ring A, as shown in tho 
engraving; underneath this part of the turret the space is filled with oakum or similar material. 
Scupper-holes / are provided for carrying off any water which may enter the turret between tho 
base-plates in a sea-way. Plates m arc riveted to the four inside courses for sustaining the upward 
pressure of the gun-slides when the diagonal braces are screwed up, composition rings n being 
fitted between the upper turret-beam and the collar n‘ of the turret-shaft, nearly the entire weight 
resting upon this ring when the turret-shaft is fully keyed up. Doors o in the upper transverse 
turret-bulkhead afford communication between the berth-dock and the turret-chamber, the doors p 
forming communication to the after-part of the ship, and doors g in the lower bulkheads to the 
boiler-room and coal-bunkers. 

Of the Power of Symmetrical Turret -f re, taken from ‘Text-book to the Turret and Tripod 
Systems of Ship’s Battery,* Cowpcr P. Coles, from plans by E. Pellcw Halsted. Figs. 614, 615. 

Fig. 614 is a deck-plan for a 7-turret first-rate vessel of war ; and Fig. 615 is a midship section 

of a 7 -turret first-rate vessel of war. 

Mode of Armament. — Seven turri ts or cupolas, with two guns each, so arranged that — 1, the fire 
of four guns can be delivered in line of keel ahead and astern ; 2, the central turrets, and very 
largely the deck itself, arc protected from all raking fire ; 3, the deck can be swept fore and aft, 
to prevent possibility of boarding. 

Command of Tubretb ; Details fob Refebexcb to Fig. 614. 

With both Guns. 1. Additional with Single Guns. 

From 85° aliaft port beam, to 5<F abaft star- I 2° aft on port side ; 6° on starboard ditto = 

board ditto = 315°, or 28 points. | 8°, or \ of a point. 

2 . 

From 50° afore, to 61* abaft port beam = | (T forward, and 6° aft on both sides = 24°, or 
111°. Then, from 2° on port side of keel for- 2$ points, nearly, 
ward, to 81° abaft starboard beam =173°. Total j 
284°, or 25 J points, nearly. I 

3. 

From 75* afore, to 71* abaft port beam = I 2* forward, and 6* aft on port side ; and 7° 

146*. Then, from 60’ afore, to 71° abaft starboard forward, and 6° aft on starboard side = 21% or 

beam = 131°. Total 277°, or 21$ ]xuuts, nearly. 2 points, nearly. 

4. 

From 71* afore, to 71° abaft port beam = i C'' forward and aft on both sides = 24% or 

142°. Then, from 71° afore, to 71° abaft star- 2$ points, nearly, 

board beam = 142°. Total 284% or 25$ points, 
nearly. 
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From 71° afore, to GO 3 abaft port beam = ’ 
131°. Then, from 71° afore, hi 75 abaft star- 
board beam = 140°. Total 277% or 24} point*, 
nearly. 


From 81' afore port beam. to 2° on starboard 
aide of keel aft = 173°. Then, from 01° afore, to 
50* abaft starboard beam — 111°. Total 284°, 
or 25} points, nearly. 


From 50° afore port beam, to 85 15 afore star- 
board beam = 315°, or 28 points. 


6° forward, and 7° aft on port side ; and G° 
forward, and 2° aft on starboard side = 21°, or 
2 points, nearly. 


6° forward, and aft on both aides = 24°, or 
2} points, nearly. 


6° forward on port side, 2° on starboard side 
= 8°, or | of a point. 


Himmahy. 


With kuii Gcm. 

AMHTtOXAL WITH StNtiLR UfXB. 

No. of Tumi. 

IVrtws. 

Points. 

No. of Turret. 

[vgrws. J 

1 Points. 

1 

315 

28 

1 

8 

\ 

2 

284 

25* 

2 

24 

2* 

3 

277 

21* 

3 

21 

2 

4 

281 

25* 

4 

24 

2* 

s 

277 

21* 

5 

21 

2 

G 

i 281 

25* 

G 

24 

2* 

7 

315 

; 28 

7 

8 

1 

Mean Command .. 

j 290” 81* 

25* 

, Additional MeanI 
Command . . j 

II 7 

VP 35 ’ 

>* 


This power of mean command exists when the mutual obstruction unavoidably presented 
by the turrets themselves is alone taken into account. But even if 50° be subtracted from 
it as a mean deduction for the further unavoidable obstructions presented by masts, hatchways, 
and the like, the remaining 240% or more than 21 points of the compass, as a mean command for 
each turret, gives, says llalsted, a training-power unapproachable by any other system. The 
shaded space# between the turrets, however, show the neutral surfaces, untratermi fey any tfre, to 
lie sufficiently extensive to accommodate many of such further obstructions without any sacrifice of 
training whatever. 

Concentration an d Directum of Fire . — The whole fourteen guns. Fig. G14, can concentrate on 
points in direct line on either beam, 100 ft. distant from the guns of the central turret, No. 4, and 
can train from thence against ships or batteries, throughout au are of 50 3 afore and abaft. 

The four guns of 1, 2, and of 7. 6, can simultaneously concentrate on points, in direct line of 
keel forward and aft, 100 ft. distant from stem and stem. If engaged only forward, or only 
aft, this fourfold lino-of-keel fire can be supplemented; if forward, by the alternate single guns of 
G, 7 ; anil, if aft, by those of 1,2: all four of which command a line of fire of 87°, or only 3° from 
line of keel, forwaro aud aft, on either Hide respectively. Whether chasing or chased, a tire of six 
guns out of fourteen, practically in line of keel, can thus be maintained. 

To illustrate the bow and quarter fire If a radius of 300 ft. be struck from the centre of tho 

middle cupola, it will describe two arcs practically equidistant from both bows and both quarters. 
Ami if an angle of 17°, or 1} point, be measured from the same centra and extended on each side 
of the keel forwaid and aft, it will fix two points in each arc, 100 ft. distant, practically, from the 
nearest part of each bow and each auartcr of the ship, as shown in plate. While the four guns of 
1, 2, are still engaged in line of keel forward, six other guns can concentrate on tho above point on 
the port bow; namely, the two guns each from 3, G, aud the single port guns from 4, 5, respec- 
tively. So, at the same time, the four remaining guns can concentrate on the other like point on 
the starboard how ; namely, the two guns of 7. and the single starboard guns of 4, 5 ; which two 
turrets can thus ply their single guns alternately on each of the above bow-points. But it is 
farther obvious, on reference to Fig. 613, that Turret 1 can concentrate, or alternate, the fire of both, 
its guns, os reouired, against either the starboard or pori bow-point ; while Turret 2 equally com- 
mands the starl*oard point ; and the defence of the ship, in single or in general action, can thus bo 
maintained with her whole fourteen guns — as frith an end-on broadside — throughout an arc of 
3 points, or only 17° divergent on each side of hor line of keel forward. And similarly complete 
and symmetrical is her means of defence aft. Both guns of Turret 1, with the starboard single 
ones of 3, 4, can concentrate a fourfold fire on the point on the port quarter; while a sixfold fire 
pours on the point on the starboard quarter from the two guns each of 2, 5, backed by the singlo 
port guns of 3, 4 ; the whole four guns of 7, 6, being still engaged, if needs be, in lint* of keel alt, 
or both those of 7 firing, either upon the port or starboard quarter-point, and both those of 6 pour- 
ing their fire upon the port point. 

The power of concentration, says Halsted, is os simple as it is perfect. It exists from the 
moment the turrets arc “clear for action,” without any complicated preparation or combination 
between them, and is carried out by simple direction for all or any turrets to direct their fire 
on any specified point of an enemy’s hull within their command of training. 
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Securing the Turret s. — All means of securing 
tho turrets in stress of weather are purposely 
omitted from the sectional design. Fig. 015 : — 

1, in order not to complicate the drawing itself ; 

2, in order to keep the subject free for special 
study when actual construction shall lie under- 
taken. But the following mtans have been 
fully considered, and aro regarded by ablest 
mechanicians ns ample for every practical pur- 
pose, though not incapable, of course, of further 
improvement. 

To prevent all lateral Motion. — Four or more 
powerful horizontal clamps strongly secured to 
under-side of upper deck, working with competent 
screws, and clasping or unclasping from opjiasito 
points the external circumference of turret. 

To prevent all Vertical Motion. — Four or more 
powerful vertical or oblique chains or rods, 
hinged, as shown in Fig. G13, or otherwise re- 
movable, strongly binding down the turret to 
the stronger parts of the main deck around the 
turret-bed. 

Security in Action. — The flanges, with the angle 
of cone given to the twenty-four steel rollers, and 
their steel roller-path — upon which, when in 
action, the turret revolves — supply ample means 
for tho truo and safe working of tho turret in 
every state of weather when its guns can at all 
bo used. But these means are further assisted 
by centering the floor of tho turret down to the 
central pivot of the working shaft on the lower 
deck, by a system of diagonal trusses which con- 
nect the two: this arrangement fully providing 
ogainst any other motion by the turret than its 
intended horizontal rotation. 

On Upper Deck. — A clearance of 3 in. sur- 
rounds tho turret on tho upper deck, rendering 
highly improbable any permanent choking of its 
action by any effects of shot. But the opening 
on that deck is surrounded by a strong box-girder, 
furnished with competent rollers, by which to 
meet any jKwsible circumstances making it desir- 
able for the turret to be supported at that point. 
A flexible flange or valve, as in the American 
monitors, keeps that opening water-tight, and 
any possible leakage will find its ready exit to 
the through the main-deck scuppers. 

The following main details are, however, 
freely stated : — 

Conet ruction. — Mull. — The construction of the 
hull is on the same principle of combined longitu- 
dinal and transverse frames as in tho ‘Achilles,* 
‘Agincourt,’ Ac., and other British iron-clads of 
war ; with an inner and outer skin-nlating, as 
introduced by Mr. Scott Bussell in the ‘Great 
Eastern * steam-ship. 

The extreme ends are made cellular and 
water-tight, with tho same preparation for ram- 
ming as in the above-namea ships. The whole 
of the intermediate space between the inner and 
outer skin-platiugs is subdivided into sectional 
water-tight comjiartraents, arranged to be used 
for water-ballast, to compensate, when necessary, 
for consumption of fuel, and so on, and for main- 
taining the ship at her proper trim. 

Defensive Dovers, — Armour and backing has 
been considered in its com|s»und character, and 
not simply in reference to the outer armour- 
plates. Throughout all classes and rates, as the 
guns are the same, so tho armour and backing 
are of one character and thickness. The outer 
armour is G in. thick; next, teak 11 in. thick; 
next, 9 in. depth of Mr. John Hughes’s hollow 
metal backing of |-in. iron ; the bars in contact, 
running longitudinally from end to end of the 
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•hip, and securely riveted to the J-in. skin, os well as to the frames ; thus combining: with, and 
giving great strength and rigidity to, the whole structure. As in other trod-clads, the armour 
and teak-backing taper towards the ends, but not the Hughes* backing. The weight per square 
foot of the combined resisting media is. maximum 533 lbs., minimum 444 lb*., mean 488$ lbs. 
The resistance of the mctal-bocking is estimated as equal to 3-in. plating. 



Sfirin Deck, in all classes, is level with the top of armour, and laid with IJ-in. iron, covered 
with G in. of teak. The height out of water is, in ships of the line, 5 ft,; frigates, 4 ft. ; corvettes, 
3 ft. The only ship armour above main-deck level is that amund the rudder and its working 
gear. The main-deck hatchways aro limited to such as are requisite for provisioning, ami so 
on ; the turrets themselves constituting cajiacious hatchways for all other purposes. As with the 
upper decks of the American monitors, all main-deck hatchways are fitted with high coamings, 
and 14-in. water-tight iron hatches, hingod, and always in place. This admits of the between- 
decks being flooded without the water finding its way below. Provision is made for getting rid of 
the water, in such case, by a large watorqiort beneath each main-deck gun-port ou the broadside. 
The sides of the main doek are of J-plAtea unprotected, the armour wing limited to the vital 
body of the ships, and all connected with the turrets. These sides are consequently liable to 1*» 
riddled with shot-holes, through which the water might afterwards flood the main deck in heavy 
weather, lu describing the turret, it will be shown that in such event complete access, as before, 
may still be maintained with the lower deck and all below it, even with 3 feet water over the 
main deck. The lower decks throughout are laid with J-in. plates and 4-iu. teak over; the 
upper decks with J-in. plates and 4-in. teak. The lower decks are 7 ft. beneath the beams ; 
the main decks 8 ft. ; except in the corvettes and ocean-despatch, where both are 7 ft. 

Spar Ihck . — This most iriqx 'riant feature in aid of the whole undertaking is adopted from tho 
rudi mental spar decks, connecting turret with turret, in the American monitors. In its application 
here, ns a war nrrangemeut, the lending idea has been this, — the upper deck proper being regarded 
as if it were tho main deck of an ordinary frigate. In such case the beams of the overhead deck 
would ordinarily receive end support from the walls or sides of tho ship, as pierced with ports for 
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broadside-fire. Hut these beams would receive central supports also from two rows of stanchions, not 
fixed, but hinged, and removable as required. Now, the support of the spar dock represents, as it 
were, those two rows of central movable stanchions, converted into a system of fixed central 
support ; the main-deck sides or walls of the ship bciug then altogether removed, so as to give free 
scope to a central, rotary, all-round turret-fire, substituted for that of tho broadside. But the 
strength of that central system of trussed diagonal support for the spar deck enables it to fulfil 
also every office of a complete working upper dock, for boats, capstans, rigging, working ship, and 
the like, whether the turret guns beneath it be silent or in action. In all bad weather, und espe- 
cially when steaming head to wind and sen, it thus constitutes a practical free-board of ample 
height to secure all comfort and safety. The spar clock is constructed as a girder. Its lower 
convex skin is of -A steel plates, laid perfectly smooth : its upper convex is of J-in. iron, covered 
with 3-in. teak. Its edge is stiffened and strengthened by a continuous box-girder of $-in, plates, 
4 ft. deep and 2 ft. wide, constituting the hammock-netting. 

Jteeuiance of »S/*ir Deck to Kxj*lo*ion of Turret Guns below . — As two features of great novelty and 
importance are here involved, it is felt necessary thus to notice this subject. The question is ob- 
viously one of due strength. An experience of over tliree years, says Halsted, writing in 1867, has told 
us that decks of wood, with or without an underlay of iron plating, suffer no injury, beyond being 
blackened, by charges varying from 35 lbs. to 45 lbs. flre<l even less than one foot above their 
surface : and the nearest point of the under-side of any of these spar decks to the bore of the 
gun beneath it is 5 ft. 10 in. Again, long experience has determined that the angle of so-called 
explosive force diverges 45° from the circumference of the bore, in equal effect all round, but 
diminishing in effect directly as the distance. Thus the point where the explosion from the nearest 
muzzle will impinge on the nearest under-side of the spar deck above it will be increased to 8 ft. 
9 in., presenting a smooth surface of steel. And if its strength be but equally resistant as that 
layer of a deck of wood, 1 ft. 4 in. distant, as in the * Royal Sovereign,* which lies nearest to a 
muzzle above it, and suffices to resist all injury ; it is clear no apprehension for these spar decks 
need be entertained. But if indeed it be found less than that wooden standard of sufficiency, 
then a further layer of iron plate, even to an inch in thickness, over the arc of impingement 
is easily added. 

Figs. 613 and 615 illustrate other details of construction not here described* 

Sea-going turret-ships, by Admiral Paris, Figs. 616, 617, 618, 619; token from the * Artiznn ’ 
for April, 1869. 

The subject of Bca-going turret vessels, which is one of vast importance to this country, has 
just now acquired still greater interest from the fact lately disclosed by Mr. Childers, tho present 
chief of the Admiralty, tiint our Government have at last determined to entirely leave off building 
wall-sided iron-clnds, and construct only turret ships. 

Few, if any, authorities upon this subject stand so deservedly high ns Admiral Paris, who 
lias devoted so many years to the study of its merits, and we have therefore given tho following 
explanation of his views ns communicated by him. 

Since the first appearance of the ‘ Gloire * as a sea-going iron-clad, but few changes have arisen 
in the general features and form of vessels of this type. The only alteration of a notable character 
consists in the adoption of a central battery , which system has been rendered necessary, because, by 
reason of the increasing penetrative power of shot, it has been found practically impossible to carry 
armour of sufficient thickness over the whole length of wall-sided ships to nflord them ample pro- 
tection. One consequence of the introduction of central batteries lias been a reduction in tho 
number of guns carried by a vessel; thus ships of the magnitude of tho ’ Bellerophon ’ and 
* Hercules ' now carry only four or five guns on each side. 

It is evident, however, that these guns will bo more effectively used in a turret than in a 
central battery ; and this is now beyond dispute, the doubts militating against the turret system 
having been cleared away by the trials of monitors in active warfare, and by their aea voyages. 
Also, as all iron-clads have oeen built of the same shape, that is to sav, with vertical sides and 
rounded bottom, they commonly roll heavily, skipping water through their ports and over their 
bulwarks, and preventing the use of those guns which in the old ships of war would have probably 
been brought into action : to this defect must be added the danger arising from the rolling of tho 
vessel, which tends to expose the weak or unarmoured parts of the vessel every few seconds. Hence 
at the present time it appears that, in the ordinary system of wall-sided iron-clads, the limited range 
of guns, the low height of their elevation above the surface of the water, and the rolling of the 
Bhipa, are defects gravely impairing their other qualifications, which have been so greatly enhanced 
by the skill of many of our modern engineers. 

There appeared, however, in the United States of America, a peculiar description of vessel, 
which was only designed for navigating rivers, but was found to possess a remarkable stability in 
a sea-way, only rolling about one-third as much as vessels of the ordinary build. The natural 
conclusion from this almost unexpected result is, let us adopt similar shaped vessels; or, in other 
words, let ns build monitors. But if this form were adopted throughout the entire navy of any 
country, she would be unable to cany on a war in open sea in bod weather, as it is acknowledged 
to be unsuitable for a heavy sea. The problem, therefore, is how to obtain the advantages of 
stability and extensive range of fire as poaaessed by the American monitors, in vessels capable 
of navigating the ocean in all weathers. This problem Admiral Paris endeavoured to solve, after 
having had the advantage of studying the various models in the Paris Exposition, and having 
reliable information respecting the monitors, together with long ex|>crienco at sea. To design a 
vessel which should be as free from rolling a« a monitor; as seaworthy, and with as good accom- 
modation, as vessels of the usual form ; and carrying her guns a sufficient height out of the water, 
with an all-round fin*, was his object. 

As regards stability, or freedom from rolling, it is well known that a boat-hook floating in the 
water, and kept right by the weight of the iron end, is least affected by the waves. Again, a 
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plank weighted on the bottom side will not roll : while a l**ly in the form of a sphere, or a cylinder, 
has no stability of its own, and requires a large amount of ballast to keep it upright. The 
contrast betw<*en the motion of different shapes of buoys in a heavy sea, is a simple illustration of 
varying stability. A body of almost equal s|Mjciflc gravity to, and which consequently bus its 
upper side level with, the 

water, such as a boot filled 6,9 ‘ 


with wnter, or a piece of ice, 
moves with the waves, but only 
so far. The first of these forms 
would, of course, 1 m> im|»oHsible, 
ns the vess«d would be imprac- 
ticably deep; besides which, a 
complete immobility is unde- 
sirable. The merits of the 
circular form are about to l>o 
proved hv the Winan’s yacht, 
and presents many difficulties ; 
while the monitors have proved, 
on a large scale, the influence 
of waves upon a Ixxly of a 
iqa-cifle gravity nearly equal to 
water. 

These three illustrations, 
applied to the usual construc- 
tion of a vessel, which may Ihj 
described as a semi-cylinder, 
with a pamllelnpiptdon over 
it, show that it is the form of 
maximum rolling, especially if 
weight is fixed outside to add 
to the inertia. It is well known 



that a rnft rolls less than a 


619 . 


boot : whilea l*»at-h<iok, floating 
cl«ise to them, is quite motion- 
less, for which reason it has 
been employed as a wave- 
tracer for showing the rolling 
of shi|w and the motion of 
waves, and has been found to 
act very perfectly. It is, more- 
over, nt-ceasary to rely upon 
the well-established fact of the 
non-rolling of the monitors, ns 
the excessive motion of iron- 
clad vessels have fully proved 
our ignorance of the laws 



which govern the motion of ships, because if any theory upon this point really existed, it would 
be unpardonable not to have applied it. 

For this reason, when it was first prnj>os«d to construct iron-clad vessels. Admiral Fans 
proposed that a model should be built — say nliout 130 ft. long -with iron frames and wood 
planking fastened with screw bolts, thus making a composite vessel. With such a vessel ex|M*ri- 
ments might have been tried with weights in every possible jswitinn ; and after having experimented 
sufficiently, the boat might be hauled ashore, the planks removed, and the frames put in tbo 
funinee and afterwards bent, so ns to form a vessel of wane different shape upon which to try 
similar experiments. By these means a considerable amount of practical knowledge could have 
been obtained as to the best form of vessel for war puiposes. 

It has been already mentioned, the monitor is the best form of vessel for stability, and is also 
perfectly adapted to the smooth surface of rivers, where the ship’s company have frequent opjmr- 
tunities to breathe pure air ashore, though they cannot Iks considered as adapted for long voyages 
at sea. The first monitor was sunk in weather which permitted another ship to use her boats; 
while the ‘Woehawkec’ and the * Affondatore ’ buttered the name fate, ill consequence of opening 
the hatches to breathe a little air after a battle. 


The point, therefore, is to attain as near as possible to the non-rolling quality of the monitors, 
and avoid their unsen worthiness, which the Admiral endeavoured to accomplish in the following 
manner. It will be seen from Figs. *510, 617. 618, 619, that the midship section of the proj*w«d 
vessels are formed of parts of circles for the side* w ith a fiat bottom, the sides rising hut a short 
distance above the water-line, and covered with a deck for a certain distance inwards: when the 


sides again rise te a sufficient height to admit of ports l>eing placed well above water, this jsirtiou 
being long and narrow, somewliat similar to a river steamer in shape. Upon reference to the 
ereew-sectioiis. Figs. 617, 618, it w ill at once be observed that, with the exception of the com|wrn- 
tively narrow raised portion, the vessel is similar in section to a monitor, and consequently 
jtosseases the similar pmjierties of stability. This clement being the most important point, it was 
necessary to study it carefully, and. therefore, Paris calculated the positions of centre of carfne 
(that jiortion of a vessel which is below tho water-line, wheu floating in any position, whether 
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upright or inclined) an<1 the metoeentre. both when the vessel wan upright and also when heeled 
over at various angle* up to 20 , front which the following Table wo* obtained. 



Draught 
to low ml 
point of 
Immer- 
sion. 

Displace- 

Distance of centre 
of curcna : 


| Height of 

j centre 


Moment 

Motnrn- 

Value 
r M 

Inclination. 

carrnt, 

P. 

To water- 
line. | 

\ To 1 
lungita. 
dinal 1 
plan. 

I cent ri- 
oter 
mitre of 
carhte. 

i to water- 
line, 

+ Otrf 
1 — under. . 

over 
centre of 
tarina 

a. 

Value of 
p -a. 

of 

stability, 

M. 

turn of 
Mils. 

M*. 

Vessel upright 

m. 

6*750 

ton*. 

8368 

m. 

2*875 

m. 1 

0*0 I 

n», 

5 *85 ' 

- 0-58 

2*30 

m. 

3*55 

29716 

72760 

0*408 

Inclined 5° .. 

6*765 


2*90 

0*42 

4*05 

- 0*60 

2 31 

1*74 

14560 


0*209 

i<r .. 

6*795 


2*95 

0-73 

8*40 

- 0*62 

2*335 

1*065 

8912 


0 106 

,. 15° .. 

6*840 


3 03 

1*02 

3*30 

- 0*6. r » j 

2*375 

0*925 

7710 


0*092 

„ 20’ .. 

6*92 


3-12 

1*29 j 

3*48 

- 0*70 

3*415 

1*085 

3079 | 


0*107 


Vessels of this form are notable clippers: but, for the sake of comparison, we will take a spread 
of canvas equal to that of an old three-decker with 8000 square metres, the centre of effort being 
2«>* ■ 20 alsive the water-line. The A<lmiml then compared the moment of stability at various 
inclinations with that of vessels built noon the old system, and given in a Table in a most 
instructive work by M. Freminville, sub-director of the school of Genic Maritime, entitled * Guide 
du Marine,’ which is as follows: — 


Names of Ships. 

Value of 

Ratio of the #tahlllty of the proposed ship. 
Fig. 616, to that of omrh of 
the teasels named below, for inclinations of 

indies uU. 

Normal. 

& deg. 

10 deg. 

15 deg. 

loir*. 



time*. 

tim*-s 

lime#. 

time*. 

time*. 

* Brealaw,’ 100 guns, with full complement 

0*082 

5 

2*55 

1*20 

1 12 

i:jo 

Stores having been used 

0*059 

6*9 

3*54 

1*8 

1*55 

1 84 

‘Tage,’ 90 guns, with full complement 

0*096 

4*25 

2*37 

1*11 

0*95 

1 - 12 

Store* having been Used 

0 078 

51 

2*69 

1*36 

MS 

1*87 

‘ Brealaw,’ with full complement 

0 076 

5-37 

2-75 

1*40 

1 *21 

1*41 

‘Alceete,’ 52 guns, with full complement .. 

0*067 

0*09 

3*12 

1*58 

1-37 

1*60 

Store* having been used 

0 053 

7*59 

3*94 

2*00 

1-73 

2 00 

‘Jeanne d’Arc,’ 44 guns, with full complement . . 

0 063 

6*47 

3*31 

1*68 

1*46 

1*70 

Stares having been used 

0*051 

800 

4*10 

2*08 

1 *80 

2 10 

‘Eurydire,’ 30 guns, with full complement 

0 077 

5*30 

2*71 

1 -37 

1*195 

1*39 

‘Obligndo,’ 10 guns, with full complement 

0*065 

6*27 

3*21 

1*63 

1-41 

1*64 

Stare* having been used 

0*059 

6*91 

3-37 

1*80 

1 56 

1*88 


From these figures it will be seen that the stability of the proposed ship, Figs. CIO, 017, 018, 
619, which has been calculated for a light cargo, or at least for a mean one, is eight times that of 
some of the old ships after the stores were used; and if compared with the ‘Tag e/ with full com- 
plement of stores and provisions, the ratio is 4*25 times, the position of 010 being normal. But 
it in to be observed that at 5 r the ship. Fig. 010, has 5 j»cr cent, less stability compared with the 
‘Togo* with full complement, but l - 18 more after the stores have been used. It has also to bo 
remarked that though the stability is a minimum at tho angle of 15’, it rises afterwards, and at 
20 p is much higher. 

Admiral Paris is aware that the comparison with the ships mentioned is not so fair as would 
be one with old ships having “tumbling home” sides, such as the ‘Royal Louis,’ and so forth, 
designed by M. Ollivier in 1750, and such as that projioscd by the Admiral formerly. These have 
a earing like other ships — that is to »v, 88™ long, 18® -20 boom, and 8™ draught; but the upper 
deck would not be proportionately so wide as the more modem vessels, so that the rnetacentre would 
bo motionlesa, as in the old class of ships, as shown in the work entitled ‘L’Art Naval a Expooi- 
tion do 1867.’ Tho plan first proposed, and here alluded to, was but a first step towards the 
present arrangement. 

It should here be observed that all tho calculations relating to the present proposed form of 
turret-ships have been made in reference to the largest, shown in Figs. 616, 617, 618, 619, and 
proportionately reduced forothora, of which tho lines and proportions are relatively the same. 

It may be of advantage to those engaged in the examination of such questions as that under 
present consideration to be made acquainted with the method pursuod in the calculations to econo- 
mize time and labour. 

The calculation of the centre of ettrenc for a ship when inclined is exceedingly tedious, where- 
fore the writer employed a terra called the mettn section, w hich is obtained by taking the arithme- 
tical mean of the ordinates to each water-line, and setting off the height as obtained in this 
manner. Then is the centre of caring situate in the centre of this figure, as may be proved by 
arithmetically calculating a centre of caring according to Stirling’s differential method, as employed 
by the Swedish constructor Chapman, tho French naval architect Clairbois, and now adopted by 
naval architects generally. 
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Figs. 620, G21, 622, 623, represent one of Captain Cowper P. Coles’ turret ships lately designed : 
this is a vessel of 4272 tons, or about the same as the ‘ Bellerophon,’ but with low freeboard from 3 ft. 
to 4 ft. out of the water. Her length between perpendiculars would be 320 ft. ; beam, 53 ft. ; two 
turrets, with guns 12 ft. above the water and 11 ft. horizontally from the sea. Between the turrets 
a dock-house is built, of the ordinary scantling of an iron ship, extending towards the vessel's sides 
at an angle that allows the turrets to cross their fire at 68° on the beam, ami commanding an 
uninterrupted fire around bow and stem. This deck-house may be one, two, or three stories high, 
according to the accommodation required — in the present instance it is two stories high, sur- 
mounted by a hurricane deck 22 ft. out of tho water. In the upper or second story, b, 6, b, good 
accommodation is provided for the captain, the dining cabin being 24 ft. by 13 ft., with a suite of 
cabins in proportion, a commander’s cabin, a wardroom, and four other cabins for officers, office, 
galley for the officers, a sick bay, baths, and w.cs. for both officers anti men. The cabins and 
ajiartments on this dock would receive light and air from ports 2 ft. square, and 18 ft. out of the 
water, besides ventilation from tho hatchways communicating with the hurricane deck. The 
lower or first story, c, c, c, would have mess-tables for 300 men, ber fighting complement, a galley, 
midshipmen's, engineers’, and warrant-officers' lierths, l>osides four cabins for officers. This deck 
would receive air and light by means of ports 18 in. square, 11 ft. 6 in. out of the water, beside 
hatchways. All the hatchways on this deck leadiug Ixdow would have the means of being clostd 
and kept water- tight the same as in monitors. The remaining nine cabins for officers would be 
on the lower deck, which corresponds with the ‘Captain’s ’ and 11 Royal Sovereign’s,’ receiving light 
from deck-lights, and ventilntion by tubes communicating direct with the outer air through tho 
deck-house ; there would also be provision made on this deck for messing 300 extra men, should it 
be required. 

From tho central jKisition of the deck-house, as well as the horizontal and vertical distance 
from the water to the ports, and openings in it, free ventilation will be insured in all weathers, 
whilst the comfort and accommodation will he second to no vessel in Her Majesty’s navy. 

From the form of this vessel above water, and the little resistance shown to wind or sen. lighter 
anchors and cables might lx? used than usual ; but in this case we will supisise them to be the same 
weight as the * Captain' t.' Tho cables would lx? led through fairleads at the edge of the bow along the 
upper deck, and through hawse-pipes, 8 ft. above the water, into the lower story of deck-house, 
where they would b© worked by two steam capstans, one on each aide, as in the * Royal Sovereign.’ 
The bower-anchors at sea would be stowed upon the deck without interfering with the firing or 
depression of the turret guns, and the sj«re anchors against the deck-house. The anchors can be 
worked on the bow or stern with equal facility. She would have the usual complement of boats, 
namely, two 42-ft. launches, two 32-ft. steam cutters, two 28-ft. life-boots, a captain's galley, and 
an officers' gig, which would lx» hoisted un by davits to the deck-house, and so arranged that at 
any moment they can be turned inboard when firing nt sea. 

Opinions will diff'er upon the question of masts ; but, after considering the report of our iron-clad 
squadron, as well as other practical evidence, from which it appears that our ships as now masted 
are incapable as a fleet of manoeuvring under soil without the aid of steam, the balance of 
advantage is, in Captain Coles’ opinion, against such useless inaxts and sails, and in favour of fuel 
being substituted for the weight thus gained. Masts may be desirable to assist in «h*ereosing tho 
rolling propensities of high freeboard ships; but for vessels of low freeboard, with their decreased 
rolling, the Captain maintains that we can afford at once to sweep away the masts, gear and 
rigging, as antagonists to the steaming and fighting powers of war Bhips, and can nt any time 
resort to tem|M>rary or small ernes for fore and aft sails, such as * Royal Sovereign ’ and * Prince 
Albert ’ have, should it lx' considered desirable. In the stowage of fuel, weight and space have to 
be considered. In this vessel every 100 tons would make a difference of about 3 in. draught of 
water. In an armoured vessel the saving in weight, inherent to low freeboard, and the absence 
of masts gets rid of the greatest part of tho difficulty under the head of weight ; and the author of 
the design finds that, after giving ample accommodation, as before explained, for a crew of 
300 men, and extra accommodation for 300 more men, making in all 600 men besides the officers, 
she would stow upwards of 1000 tons of coals, and even more, at the sacrifice of 3 in. immersion 
for every 100 tons. 

The armament would consist of two turrets, with 13-in. armour, carrying four of the heaviest 
guns that can lx? procured, ny 600-poundera, 12 ft. above the water; and two pivot-guns, if thought 
expedient, on the hurricane deck. 22 ft. out of the water: the latter may be found advantageous 
for firing down upon a ship’s decks: and it is believed a vigorous fire kept up bv rockets and 
breech-loading rifies, from the position and height of this hurricane deck, would have a great 
effect Upon an enemy’s upper dock and open ports, leaving the pivot-guns out of the question, 
the fighting powers of this ship’s turrets would remain as follows: 81C of the circle are com- 
manded by two 600-poundera. throwing a broadside of 1200 lbs., and the remaining 272’’’ by four 
600-pounders, throwing 2400 lbs. : and it will be observed that this ship can engage end-on with 
two 600-|snmders, and at 22° from the line of keel, or only two points on the bow, with four 
600-pounders, which would be her strongest point of attack ; the imjx»rtance of this is much 
increased when it is considered that all well-designed iron-clads will endeavour to present their 
bows to the enemy, when this ship would show the deflecting surface of a sharp protected lx>w, 
not more than from 3 ft. to 4 ft. out of the water, and a circular turret 9 ft. high alx>ve it ; whilst 
in bnudxide-ahipfl of approved model, a bulkhead some 20 ft. above the water is placed across the 
ship to protect their guns, which, when fighting end-on. presents a large and weak target at right 
angles to the enemy's raking fire, which might place their battery h or* tic cvmUit before a chance 
of using their broadside-guns occurred. 

In comparing the defensive powers of Captain Coles’ ship with the high and weaker sides of 
broadside-ships, and of the * Monarch.’ when we my that her sides and turrets would be protected 
with 13 in. of iron, we give but a small idea of her great superiority, in some resjx*cts, over any 
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high freeboard vessel yet built, for her lowness of freeboard will give her antagonists but a sorry 
chance of hitting her, whilst her steadier platform will ndnoo the chances of her befog hit below 
the water-line to the minimum. Lowing of freeboard may be said to facilitate being boarded ; 

but, supiKwing an enemy to 
got upon the turret deck, he 

would have to take possession 
of the deck-house, which, from 
its position and height, as 
well as being enfiladed by the 
turrets, would be a matter of 
great difficulty. 

Twiu screws and no masts, 
in combination with the pecu- 
liar form of the vessel above 
water, showing ao little resist- 
ance at her ends to the wind 
and sea, it is believed will 
assist in insuring both speed 
and handiness to the fullest 
extent, as well os her alrcence 
of motion as compared with 
our present iron -cl tula, whose 
great loss of sj»oed at sea may 
be attributed in a great mea- 
sure to their floundering pro- 

C si ties, tier engines would 
of 900 horse - powor, and 
capable of propelling her at 
the rate or 14 knots. The 
principle of a deck-house can 
oe modified to suit vessels of 
all sizes, carrying from one 
turret upwards. 

A one-turret ship would 
have the deck-house extend- 
ing within about 10 ft. of the 
atom, bcdancing the turret by 
tho other weights in the ship. 

A throe- turret ship would 
have the third turret mounted 
on the hurricono deck before 
the funnel, bringing four guns 
right ahead. A four -turret 
Bhin would have the second 
and third turrets mounted at 
each end of the hurricane 
deck, bringing four guns right 
ahead and astern. It might 
bo thought advisable in some 
instance* to make the upper 
turrets of lighter iron than 
the lower ones, merely cover- 
ing the guns mounted in pairs 
on turn-tables by a light iron 
turret, protecting their craws 
from rifles, grape, and canister. 

BAY. Fil, Bate (de ports, 
de f entire) ; OCR., Ojfnuruj fur 
Thiu infer ienster ; It al., Aper- 
tura; Bp A3*., Akrfurti en uno 
pared. 

In builders* work, the Bpacc or extent embraced by one mode of construction, as a bay of joists, 
which is the surface covered by the joist trig tilled in between any two binding-joists ; or a bay of 
roojing, which is the part filled in with common rafters between ft pair of principal rafters. 

The openings between the supijorts of a bridge are also called bays. 

BAY OF JOISTS. Fir., I’amuau, Assemblage de C/uirpente; Uejl, FuUung , Fachtcerk ; Ital., 
Cotrunettitura ; Span.,. Luz de traviesas. 

See Bat. 

BAY OF ROOFING. Fk., Travdc de comble ; Gek., Dachstuhlfcttc, Dachlatlcn; Ital., Scompar- 
timento del tetto ; Span., Luz de cobcrtizo. 

See Bay. 

BEAD. Fr,, Baguette ; Geil, Riefe oder Stab; It., Astragalo; Sp., Astnigalo, Tondino; JunmtiUo. 
A moulding on wood or other material, generally forming, in section, a part of a eirelo, is desig- 
nated a bead, which when on wood it is said to be struck on if formed with a plane which cuts 
the wood into the shape required. 



Fixed Breastwork round Turret and Two-story Turret. 
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A bead on the edge of a board, ah shown in Fig. 024, is railed a noting ; if on the face, but 
flash with the surfnec, and with ono quirk only, ns in Fig. 025, it is called a quirk-bead. But if 
with two qulrka, Fig. 020, it is called a double quirk-bend : and if struck on the angle of a piece 
of work, Fig. 027, it is called a return-bead. 


924 . 625 . 626 . 637 . 636 . 629 , 



A bend projecting beyond the surface, Figs. 628, 629, is called a cock-bead, and sometimes 
a cocked bead. 

Iicail awl Batten Work. — An expression used by carpenters to denote a rough style of work 
oonifiOHcd of battens with a bead run along the edge in the direction of the grain of the wood. 

Brad-butt. — A term in joining applied to work framed in panels, when the hitter are Hush with 
the framing and a bead is struck or run on two sides only of the panel in the direction of the 
grain of the wood. The ends of the bead are made to stop or butt against the rails. See 
Door. 

Bead -flush. — A term applied to framed work, which differs from the last, in having tho 
bead run on the framing instead of on the panel, and in being all round, instead of on two sides 
only. 

BEAM. Fr., router; Ger., Balkm, T eager ; Ital., 2Vaw; Sr ax., Viga, Timnte. 

A beam is a piece of timU*r or metal, or both combined, used for sustaining a weight, or coun- 
teracting forces by tension and compression in the direction of its length, and by widening and 
narrowing in the directions of the breadth and thickness. 

The word beam in builders’ work is most frequently subjoined to another word, used adjeo- 
tively or in apposition, to show its use or form, as binding-beam, box-beam , built-beam , cumber-beam, 
collar-beam, hammer-beam, dragon-beam, st ra in i ng-bcam, tie-beam, tretiic-beam, trusiwd-bcam, and so on. 
Bee Strength or Materials. 

BEAM-FILLING. Fr., Mafonnerie de remplissage au niceau des poutret; Ger., Afawrreerk 
gwischen der Balhenlagc ; ITAL., Bicmpimmto ; Spax., IteUeno. 

Masonry, brickwork, or concrete filled in from the level of the under-edges of the beams to that 
of their upper edges, is known as beam-filling. Beam-tilling occurs either between joists or floor- 
beams, or in filling up the triangular space between the top of the wall-plate of the roof and tho 
lower edges of the rafters, or even to the under-surface of the bonrdiug or lath for slates, tiles, or 
thatching. This operation is necessary in garret-rooms, where tho walls form sides of apartments, 
and where the tie-beams are placed above the bottom of the rafters. 

BEAKER. Fr., Lierne; Geb., Bindesparren ; Ital., Svsteijno, Port ante ; Spax., Cadena. 

Generally, this term is applied to any member of a structure which has to support a weight 
above it, as the joists in a flat roof, or the short pieces nailed to the rafters to support the gutter- 
board In a roof-valley, Fig. 630. 

The term may also be applied to any beam, whether of wood 
or iron, placed horizontally, which has to support a weight abovo 
it, as to a breasuinmer, which is only a particular application of a 
bearer. 

BEARING. Fr., Collet; Geb., Lager; Ital., Collctto; Span., 

Punto de apoyo. 

Bearing of a girder or beam is the portion of it which rests on the supports. 

Timbers or lintels let into a wall have usually a bearing of 9 in. at each end ; stone steps 
should also have a bearing of 9 in. 

The bearing of joists or other beams supported at both ends is regulated by the resistance of 
the material to crushing. A bearing of 4$ in. on the sleepers or wall-plates is usually considered 
sufficient in ordinary dwelling-houses. 

Girders and beams arc said to have a solid bearing when supported throughout their whole 
length. But in the case of sills, and so forth, when not so supported. they arc said to havo 
a false bearing. 

The bearinq-dittance is the unsupported part betweon the bearings. 

BEARING OUT. 

This expression, generally applicable to new work, is used by painters to imply that n third, 
fourth, or fifth coat of paint has been so fully and evenly laid upon the previous ones, that tho 
original colour of tho body, the knotting, the priming, and the under-coats, cover well, and give no 
sign of disfiguring the glossy surface of the finishing coat. 

BED. Fr., Semelte ; Geb.. Tragseite ; Ital., Com. 

In masonry and brickwork is the upper and under side of a stone or brick. In arch-stones tho 
beds ore the joints which radiate towards the centre. In slates the under-side is the bed. 

Stones are usually specified to be laid on their quarry-bed, that is, the same relative position they 
had before they were quarried. 

In builders’ measurements the term beds and joints is used to designate all tho parts of a 
stone covered in the work, in contradistinction to the face. The term also includes the back, if it 
Iks measured. 

BEDDING TIMBERS, the process of. Fr., Poser les racinals ; Ger., legen der GrundhOlzer 
Ital., Fare il lello allc trad. 

Bedding Timbers. — Laying them on a wall or otherwise on a bed of mortar, cement, or putty, so 
that the bearing may be solid or uniform throughout. Wall-plates and sleepers are bedded in 
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this way. Caro should bo taken when bedding timbers to allow a freo circulation of air around 
them, otherwise they are liable to rapid decay, particularly if in contact with lime-mortar in a 
moist state, os the hydrate of lime in the mortar abstracts tho carbonic acid gas from the wood, 
which hastens its decay. 

Bed lituj Stone. — See Settixo. 

BED-PLATE. Fh., Plujue de fondatCon; Ger m Grundplatte ; Ital., Piastra di fondaxione ; 
Span., Plancha de cimiento, carrera. 

A bed-plate or bed-piece is tho principal or foundation framing or piece, in machinery, by which 
the other parts are supported and held in place; the bed. It is also called the base-plate and the 
sole- plate. 

• BEETLE. Fh.. Mailkt ; Geb., Ifolxschlegd ; Ital., ifasxuolo; Spax., Maleta. 

Beetle is a name given to a heavy mullet or wooden hammer, used to drive wedges, beat pave- 
ments, and the like. The term beetle is also applied to a machine used to produce figured fabrics 
by pressure from corrugated or indented rollers. 

BELL. Fb., Cloche; Geb., Glocke; Ital., Cumpana; Stax., 
flmuMwq. 

A bell is a hollow metallic vessel, which gives forth a clear, 
musical, ringing sound on being properly struck. The most common 
form of hell is shown in Fig. 031. In this form it is expanded at the 
lower part, is furnished at the top with an ear #, for the purjiosP of 
suspension, and has within it a tongue or dapper T, by the blow of 
which the sound is produced : 8 8, straps which secure the bell to the 
rock-shaft F, F ; B is the bell-rope, ami W W the vibrating wheel. 

Another form, especially of small bells, is that of a hollow Ixsly 
of metal perforated, and ooutaining a loose solid ball, to make a sound 
when it is shaken. 

In the formulas. Table I., D = the diameter of the bell at the 
mouth, in inches ; d = the diameter of the bell at the crown ; h = 
height of the bell from the mouth to the crown ; 8 = the thickness of the sound-bow, in inches ; 
W = weight of the bell in lbs. avoirdupois (7000 grains = 1 lb. avoirdupois, and 5700 grains = 1 lb. 
Troy); n = the number of vibrations a second, corresponding with the key-note of the bell, see 
Table II. : k = the coefficient, expressing the relative thickness of the wmml-}>ow to the diameter of 
the bell — it varies from '07 to '08. In peata of l>ella the sound-lsjw is generally put, 8 « -OS x 1) 
for the triple; 8 = *07 x I) for the tenor ; aud the intermediate bells in the peal, proportions lying 
between these for the respective sound-bows. 


631. 



w 

w = 


0-25 D*8 
D*n 


232000 
W = 0*25 DM 

n = 58000 ~ 
n = 232000 ~ 
n = 58000 ^ 


[ 1 ] 

[ 2 ] 

[3] 

W 

[*] 

[6] 


Table I. 

n = 2 v/Z .. 
8 

D = 240 83 V 8 

n 

V*w 

D = 21*947 V _ 
D = 58000 - 


[7] 

[ 8 ] 
[9] 

[ 10 ] 

CH] 


8 ~ 58000 t 1 *] 

8 = [13] 

8 = 4D [14] 

8 

* = D t!5] 

* = ^ P«3 


W = DdS (0-5 — 0 0002816 <f) + 00375 h iP 8 


•• [17] 


Examjde 1, to illustrate [11, Table I. — Required the weight (W) of a bell, the diameter D=G0 in., 
and the thickness of the sound-bow 8 = 4*8 in. ? 

[1]. '25 D*S = W = -25 x GO 3 x 4*8 = 4320 lbs. 

Example 2. — A bell of 2636*4 lbs. (W) is to be constructed with a sharp note, putting for the 
sound'-bow K = *075; what is the diameter (D) of the bell ? 


From Table I. 


_ , _ */ 4 " »/4 x 2 

> [10], D = V— = V — ( 


x 2636-4 


075 


= 52 in. 


Example 3. — Required the diameter (D) of a bell with the key-note D$ in the first octave above 
zero, the bell to be light with a full note? 

In this case k = *07, and *i = 152*25. Table II. 
h RgOOO x *07 

D. the diameter s 58000 ~ = — - y/ ~> 5 — = 20$ in. [11] Table I. 

Example 4.— Required the key-note of a bell with D = 44 in., and S = 3 ‘52 in. ? 

3*5° 8 

[4]. a = 58000 x —y, = 58000 — = 105 45. 
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In Table II. the nearest number 105-45, in tlie first octave below zero is 107 63, which answers 
to the key-note A. 

Table II. — Vibhations a Secoxd = «. 


Key* Note. 


Bus. 

. 

ts 

Tfecau. 

3rd Octave. 

2nd Octave. 

1st Octave. 

1 st Octave. 

2nd Octave. 

3rd Octave. 

c 

16*000 

32 000 

CIOOO 

128 00 

256*00 

512*00 

0* 

16*947 

33*895 

67*790 

135*58 

271*00 

542-32 

D 

17*960 

85*920 

71840 

143-68 

287*36 

574*72 

m 

19*027 

38*055 

76110 

152*22 

304*44 

608-88 

E 

20 159 

40-318 

80-636 

161*27 

322*54 

645 • 09 

F 

21*857 

42*715 

85-430 

170*86 

341*72 

683*44 

K3 

22-627 

44*255 

90*510 

181*02 

362*04 

724*08 

G 

23*973 

47*945 

95*890 

191*78 

383*56 

767 12 


25*398 

50*797 

101-59 

203*19 

408*37 

812-75 

A 

26*908 

53*817 

107*63 

215*27 

430*53 

86107 

A# 

28-508 

57(87 

114*03 

228*07 

456*13 

912*27 

It 

30*204 

60-409 

120*82 

241*63 

483*27 

966-54 

c 

32*000 

64 000 

128*00 

256*00 

512 00 

1024*0 


Example 5. — A hell has to be cast with the key-note C in first octave below zero ; required the 
diameter D, when the weight — 0561 Uhl? 

We find in this easo n = 64, Table II. 

[9], Tabic 1., D = 21-M7 >/ — = 69-81 in. 

Example 6. — What is the thickness (S) of the sound-bow of the bell in Example 5, D = 69 84 
n s 64? 

„ „ * D 2 64 x (69*84) a r . 

bn,® [121 Tabic I.. 8 = - = 5 38 m. 


Table III. 


AtxcisM 

X. 

Ordinate y. 

Tuirutcas or Metal. 

8 = 1, 

Bi-ltD. 

S — *075 D. 

S ~ 'OH D. 

1 

0-4J42 

1 

•700 

■750 

•800 

n 

0 686 

•800 

•560 

•two 

•640 

2 

0*867 

- 653 

*459 

■I'.K) 

*522 

2J 

0-974 

•547 

*382 

410 

•437 

3 

1 025 

*474 

*331 

*855 

•379 

3J 

1 -030 

•423 

| *295 

317 

■338 

4 

1*000 

380 

•266 

*285 

•304 

4} 

0*955 

*351 

*245 

*263 

■281 

5 

0-875 

*327 

•228 

*245 

*261 

5} 

0 775 

*301 

*211 

*226 

•241 

6 

0*665 

•291 

*203 

•218 

*233 

6} 

0*530 

•286 

•200 

•214 

*228 

7 

0-390 

*279 

*195 

■209 

*223 

7} 

0*235 

*272 

*190 

•204 

*217 

8 

0 075 

•267 

1 *186 

*200 

•213 

8-74 

0-780 

•333 

•233 

*250 

•266 


Example 7. — If D =; 50 in., d = 27 in., A = 36, and 8 = 4*, what is the weight (W) of the bell ? 

From [17], Table I., W = DtfS (*5 - 0002816(7) + 00375Ad*S = 50 x 27 x 4 (4 9923968) 
+ 393 6 6 = 3092 • 13936 lbs. 

When a hell is to he constructed, we generally have the weight or key-note given, the diameter 
and sound-bow are calculated by the preceding formulas and examples, and we may then proceed 
with the construction, shown in Figs. 632, 633, 634. 

The diameter of the bell at the mouth is divided into 10 equal parts, called strokes, which then 
is the scale and measurement for the construction. 

Shrinkage to be allowed for Afiis of an inch to the foot. 

The section of a bell is generally laid out on a piece of board represented by the lines a , b, c, <7, 
which then is cut out and uatd for turning up the mould for the bell. The board should be about 
11 strokes long, and 2 ’5 strokes wide. Through the centre of the board draw the line />,?, parallel 
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to b y c ; bisect the lino p, 7 , and sot fonr(4) strokes from tho bisecting point towards each end : divide 
the strokes into halves, and number them hs shown on tho accompanying drawing, Fig. (132. Through 
each division dmw linos at right angles to 7 . sot off the corresponding ordinates y expressed in 
strokes, Table III., and join them by a curve-line, which then will be the centre of thickness of 
metal in the bell. 



634. 633. 

At the end of the first ordinate, as a centre, draw a 
circle with a diameter equal to the desired thickness of 
the sound-bow, which should be from 0 * 7 to 0*8 stroke. 

At every succeeding ordinate draw a circle with the 
diameter noted in Table III. : for instance, if tho thick- 
ness of the sound-bow is 4J in., then the thickness of 
metal or diameter of the circle at the third ordinate will 
be 4 • 5 x 0 • 474 = 2 * 133 in. ; but if the sound-bow is 0 • 7, 

0 75, or O ' 8 stroke, the thickness of metal at tho third 
ordinate will be O’ 331, 0*855, or 0*370 stroke. When 
all the thicknesses are thus drawn, draw the two lines 
tangenting tho circles on each side of the centre line of 
the metal. 

From 0 to 1 make a moulding of 0*1 stroke thick 
over the line, as shown in Fig. 633. Prolong the 
6 } ordinate, and set off 1*79 stroke to c, which then is 
the centre for the curvo on the top; dmw the are 
through the centre of the small circle at the eighth ordi- 
nate; join c, 8 , set off from c, 0*40 stroke to the centre 
for the inside curve at the top. 

Thickness of metal of the top should be 0 3 the 
sound-bow at 8 , and 0*333 at r. Dmw the ordinate nt 
8 '74, set off 0*78 to r, join r and the abscissa 8*48, and 
prolong the line through r; then finish the drawing, as 
shown in Fig. 632. 

When the board is cut out and ready for turning the 
mould, it must be carefully set, so that the outside 
diameter of the crown will be half the diameter of the 
mouth of the bell. 

This form of bells gives the greatest possible gravity of tone with the least possible quantity of 
metal. Bells can be raarle almost in any form without seriously affecting the quality of tone ; but 
the thickness of metal should always be in proportion as tho squaro of the diameter, taken at the 
centre of tho metal, as in Fig. 634. 
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felt* 

Key- Note. 

n. 

*• 

a In. 

D. In. 

W.lb*. 

Clipper. 

Tenor . . 

D 

7184 

0 070 

3-95 

565 

3156 

lhc 

63 

2nd 

E 

80-64 

0 071 

3-62 

511 

2866 

48-6 

3rd 

F3 

90-51 

0 072 

8-32 

46*1 

1765 

37-2 

4th 

u 

05-89 

0 073 

3-22 

44-2 

1575 

341 

5th 

A 

107-63 

O' 075 

308 

40-5 

1262 

28-1 

6th 

B 

120-82 

0 077 

2-85 

37 0 

976 

22-4 

7th 

at 

135-58 

0 079 

2-67 

33-8 

763 

18-2 

Triple .. 

D 

143-68 

0 080 

2-58 

32-3 

673 

16-8 


Clipper . — The weight of the dapper should be from ^th to ^th the weight of tlio bell ; the 
smaller bells take the largest clappers. 

The tracing of bells rests upon a fixed basis, called the Bell-scale, or Jacob's Skiff, the result of 
long experience, and Handed down from generation to generation among founders. It depends upon 
certain proportions which, like the modules in architecture, servo to regulate ami to harmonize the 
different |*irt* of the bell. The bow, or, in other terms, the thickest part of the bell, constitutes the 
principle of all the measurements. 

The following Table, which we borrow from M. Guettier's work on Casting, gives the diameter 
of bells, and the thickness of the bow, from the weight of 3 kilos, to 12,000 kilos. It is nothing 
more than a scale, presented under another form and in metrical measure. 

Table V. 


Weight 
of Bella 

Thickness 
of Bow. 

Large 

Diameter. 

Weight 
of Bella. 

Thlckneaa 
of Bow. 

Large 

Ih&meter. 

Weight 
of Bell*. 

Thlckneaa 
of Bow. 

Large 

Diameter. 

3 

008 

120 

200 

047 

•705 

3500 

*123 

1*845 

4 

•on 

165 

250 

050 

•750 

4000 

128 

1*920 

5 

013 

185 

300 

055 

•825 

4500 

*134 

2010 

6 

015 

*225 

| 350 

•058 

•870 

5000 

*137 

2 055 

10 

.019 

•285 

400 

•060 

•9l>0 

5500 

•141 

2115 

15 

•021 

*315 

450 

003 

•945 

6000 

•146 

2*190 

20 

022 

•330 

500 

•065 

•975 

6500 

150 

2*250 

25 

•023 

•345 

600 

•068 

1020 

7000 

154 

2*310 

30 

025 

•375 

750 

074 

1110 

7500 

•158 

2-370 

35 

•027 

•405 

1000 

•081 

1*215 

801)0 

*160 

2-400 

40 

028 

•420 

1250 

•087 

1-305 

8500 

164 

2-460 

45 

029 

•435 

1500 

093 

1 395 

9000 

•168 

2*520 

50 

•030 

•450 

1750 

•098 

1*470 

9500 

•170 

2 550 

75 

■034 

•510 

2000 

•103 

1-545 

10000 

173 

2*595 

100 

•037 

•555 

2250 

108 

1*020 

11000 

181 

2*715 

125 

•010 

•600 

1 2500 

110 

1*650 

12000 

•190 

2*850 

150 

•043 

•645 

2750 

114 

1*710 




175 

045 

*675 

3000 

•117 

1*755 





Several methods are employed for tracing bells. Tho one mostly used in France gives 15 
thicknesses of the bow to the diameter, 7} to the diameter of the crown, 12 to the line joining tho 
lower ridge of the bell and the bos© of tho crown, and finally 82 to the great radius serving to 
trace the profile of the bell proper. Fig. 635, where each line of construction has its dimension 
marked —the thickness of the bow being taken as unity — will be sufficient to show how the process 
is carried out. 

BELL-CRANK. Fb., letter brist ; Gkk., Winkelhebel ; Ital., Zanca ; Span., Cigtie&a. 

An iron or brass lever in the shape of a quadrant of a circle, attached to an iron holdfast 
which is driven into a wall, receives the name or hell-erank, because it is used to connect bell-wires 
at the angles or corners of a room. Any rectangular lever, Fig. 636, by which the 
direction of motion is changed through an Angle of 90 7 , is termed a bell-crank. 638 . 

BELL-HANGING, Domestic. Fk., Bose des sonnettes ; Gkr., Befestigen dee Gla- 
kenziiqe m den Wohnbausem ; Ital„ Mcttere i CAtmjxineUi ; 8 PAN., . 

Tho Art of domestic bell-hanging is quite modern. It is believed not to have 
been in practice much before the present century. Within the writer’s recollection 
it was usual, in even the best houses, to ex]>n*e the wires to view Along the walls and 
ceilings, in the angles of which they were fixed, sometimes to the great disfigurement 
of the room. Within late years the ‘‘secret system” of bell-hanging has been introduced, which 
consists in carrying the wire and cranks in tubes and boxes concealed by the finishings of tho 
walls. The tubes are usually of tinned iron or zinc ; but they onght to be either of brass or strong 
gnlvauized iron. Zinc is not to he depended upon. In some places it will moulder away. If not 
soldered, it opens, and tho wires work into the joinings of the tube, which stops their movement. 

The proper time to commence bcll-hnnging is when the work is ready for lathing; but it should 
not bo delayed after tho rough-cast plastering lias commenced. If the work bo performed at this 
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period, it enables the bell-hanger to see his way more clearly, and prevents much cutting away of 
the plasterers' work afterwards. 

The bell-board is usually placed in some conspicuous place, where the bells can be both seen and 
heard by the attendant. It should be painted white, and each bell should be designated by a letter 
or number tainted on the board. 

BELL-METAL. Fr., M€tal den cloches; Got., (Hoc ken Mctall ; Ital., Lega dclltf campane ; 
Span., Metal campanil. 

A good average bell-composition is 75 copper, 25 tin : 30 of tin to 100 copper is also a good pro- 
portion. Large bells are cast of 80 copper, 0 zinc, 10 tin, 4 lead. A very line large hell consisted 
of 71 copper, 26 tin, 2 zinc, and 1 iron. No definite ratios, however, between the metals of which 
bell-metal is composed have as yet been established. See Alloys. Copper. Tim. 

BELLOWS. Fil, Soufflct ; Ger., Blasebalg ; Ital., Mantice ; Span., FkteUe. 

A bellows is an instrument, utensil, or machine for propelling air through a tube, for various 
purposes, as blowing fin's, filling the pipes of an organ with wind, and so on. The common bellows 
is formed of two boards, Fig. 637, with a skin of bather l nailed to their edges and linuging loosely 
between them ; thus forming a sort of chamber, which is capable of being enlarged or contracted 
at pleasure. To the lower board is fixed a metal nozzle n, communicating with the wind-chamber; 
ana this board is also furnished with a clack-raltc, c, for the admission of air. 

The blast obtained by means of the common bellows is intermittent ; and if a continued blast 
is required, a bellows with a double chamber and an additional valve is necessary. The long shape 
forge-bellows, Fig. 638, is a bellows of this description, having an extra chamber ti and an extra 
valve 6. The centre-board d should be a fixture ; the nozzle connected with the upper chamber ; the 
upper board loaded or made of heavy materials, and the lower board moved when in use. The two 
valves should open alternately. 


* 37 . 638 . 



Fig. 639 shows the application of a double-chambered l>ellows to a portable forge, a, a are legs 
supporting the hearth b ; c, the bellows fastened by the centre-board to the legs a, and worked by 
the handle d inserted in a hook at the top of the lever e. By depressing the handle d, the lever 
< lifts the bottom flap of the bellows, which falls by its own weight. The collapsing of the upper 
flop forces the blast through the pipe / to the fire. 

Double-blast bellows arc frequently made of a circular shape. Fig. 640 shows this arrange- 
ment. H is the frame supporting the bellows E, which is worked by the handle U communicating 
with the lever 8. p, p are weights attached to the lower board o. and n the nozzle fixed to the 
centre-board. An arrangement for obtaining a continuous blast of air by the weight and easy 
movement of a person standing on two bellows, and resting his weight alternately on them, 
invented by Henry Neumorer, is shown in Fig. 641. It consists in constructing two lxdlows B B, 
connected fiy a rope C, and fastened to a centre-board A. These bellows rising and falling alter- 
nately, by means of valves properly arranged keep the wind-chamber F filled. 
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BELL-TRAP. Fn., Pommelle de puisard ; Ger., Post im 8eniIoeh ; Ital., Ckiavica a tenula 
(Tana ; Sr as., 

A small stench-trap, from 3 to 0 in. dram., Fig. 642, usually fixed over the waste-pipe of a sink 
or other inlet to a drain. The foul air is prevented from rising by an inverted cup or bell, the lips 
of which dip into a chamber filled with water surrounding the 
top of the pipe. 

The prating to which the bell is attached should never Ikj 
fastened down, as the opening between the lip and Hide of the 
pipe frequently becomes choked, and it is desirable to have 
the means of freeing it. 

The bell should be made to dip deep into tho water, to 
prevent the foul air escaping. Imperfectly-constructed bell- 
traps, by permitting a communication from the sower, and 
so contaminating the air of the dwelling, is the cause of more 
un health in ess to the occu{tants than is commonly supposed. See Drainage and Stench-trai*s. 

BELTS, Transmission or motion by means of. Fr., Canture ; Ger., Kranxgesims ; Ital., 
Fascia; Si* AN., Cintura, Correa. 

There am two theories upon which the transmission of motion, by means of endless belts or 
cords, are founded. The first, that of M. Prony, relative to the sliding of a cord or belt upon tho 
surface of a drum ; the second, that of Poncelet, refers to tho variation of tension in the two parts 
of tho belt or cord employed in these transmissions. 

Morin proved, by special experiments, the consequences of theso two theories ; we give a 
succinct account of the results of these researches. 

In explaining the first of these theories, with respect to the slipping of belts upon cylinders, 
let us consider a belt or cord enveloping a portion of the surface of a cylinder, and acted upon at 
one end by a power P. and upon the other by a resistance Q, 

Fig. 643. It is clear that, to produce slipping of the belt, the 
power P should be eijual to the resistance Q, increased by the 
resistance opposed by the friction of the cord upon the surface of 
tho cylinder. Let us seek to determine this friction. 

For this purpose, we consoler the two consecutive elements a b 
and be of the belt, and call T the tension of the cord in the 
element ab; T' the tension of the cord in the element 6 c. It is 
evident that the tension l v exceeds the tension T by an infinitely 
small quantity t, which is precisely tho measure of the resistance 
opposed by the friction ; we have then T' = T -f t ; and passing 
from one element to the other, from the point n of contact of the 
direction n P, where T = P, to the point m of contact of the direc- 
tion m Q, where T = Q, tho sum of all the increments of tension 
produced by the friction at the moment of slipping, will give the total tension. 

The friction or elementary increase of tension t, from the element ab to the element 6c, is 
produced by the pressure resulting from the component of tension T\ normal to the BurfaiN?, which 
is T sin. a, calling a the infinitely small angle at the intersection of tho two elements <» 6 and be, 
or simply To, since T differs by an infinitely small quantity from T', mid the sine a from a; we 

have then t=f.Ta=Tf ^ f / being the ratio of the friction to the pressure. 

The sum of all these increments of tension, taken from the point m, where T r? Q, to tho 
point n, where T = P, leads, according to analysis which we will presently discuss, to the formula 

8 t- 8 

log, P= log. Q + 0434/ B ,or P = Q x 2 718'" = Q. / «, 

8 being the total length embraced by the cord, and R the radius of the circle. 

We Bee by this expression that the tension of the motive power increases from P = Q, answering 

to 8 = 0, proportionally to the opening of .the angle — , embraced by the belt, and not to the 

It 

absolute extent of the arc: which shows, from theoretic considerations, that for an increase of 
tho friction of slipping of cords or belts, it is not essential to enlarge the diameter of the cylinder, 
but that the proportional port of the circumference to be enclosed should bo increased. 

The preceding formula relates to the case whero tho power P is to overcome the resistance Q, 
and consequently, besides this, to surmount the friction of the cord or belt upon the drum. When, 
however, os is frequently the case, the force P is to yield to the force or weight Q, for moderating 
ita action, or resisting it altogether, as, for example, in the lowering of goods, the friction acts in 
favour of the force P, and we have 

l O g.P = log.Q-0 434/. or P=— 

Bach are tho relations which theory indicates between the forces P and Q, the arc of contact, the 
radius of the drum, and the coefficient of friction. It remains to determine by exi*.*riinent the 
correctness of these relations. 

Experiments upon the Slipping of Cords and of Pelts upon the Surface of Wooden Drums, and of 
Cast-iron Pulleys . — For this purpose Morin made use of three wooden drums, with diameters 
of 2*741 ft., 1*338 ft., and 0*328 ft., placing them horizontally in a flxod position, so that they 
could not turn, and over them was passed a belt of black curried leather, nearly new, but having 
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acquired a certain pliability from previous use. Its breadth was 0‘ 164 ft., and thickness 0- 173 ft. ; 
its rigidity seemed so feeble that Morin found himself justified in neglecting it in its ratio to the 
friction of slipping upon the surface of the drum. 

The two stri|w of the belt hung vertically in equal portions on each side of the drum, and to 
each of them was attached a scale to receive the weights. The belt weighed 5-06 lbs., each scale 
0*5 lb. ; consequently, the weight of each strip, of equal length, was, with its plate, 3 *03 lbs. 
The ore embraced was equal to the semi-cireumferenco. At first, equal weights were put in the 
scales, then gradually was added to one of them the weights necessary to nuike the belt tdido upon 
tho drum. 

We see from this, that the tension Q of the ascending strip was equal to 3*03 lbs. plus the 
weight contained in the corresponding scale, And that the tension P of the descending strip was 
equal to Q increased by the weight added, over and abovo tho primitive load. 

This established, the preceding formula becomes 

log. P = log. Q + 0-434/. I , =log. Q + 0-434 /x 8- 1410, 
it 

whence wo deduce 

. _ log. P - log. Q _ log. P - log. Q 
* ~ 0*434 x 3*1416 1*363 

By introducing in this formula the values of P and Q furnished by experiments, we are enabled 
to calculate the different values of the ratio / of the friction to tho pressure, and to be assured that 
they confirm the theoretic consequences which wo have unfolded. 

The two following Tables contain the results of the experiments : — 

Experiments upon the Friction of Belts upon Wood Drums. 


Width of 
Belt. 


ft. 


0*164 


0*164 


0*164 


0*091 


Condition of the 

Diameter 

Length of 

Juo 

embraced. ’ 

Trxuo* or rent Past. 

Ratio of 
Friction to 
lYesdurt*,/. 

Belt. 

of Drum. 

Rising. Q. 

Falling. P. 


ft. 

ft. 

It*. 

ll«. 





14*060 

645*992 

0*497 




14*060 

64*786 

0*486 

1 Dry. 




14*060 

64*786 

0*492 


2-741 

4*306 

36*114 

107-341 

0*488 

1 “ oily* 


36*114 

153*336 

0*400 




36*114 

151*461 

0*458 




25*087 

111*102 

0-473 




25*087 

95*603 

0*426 





Mean 

0*472 

( Dry, 




/ 14*030 

63*683 

0*472 




14*060 

69*197 

0*458 

< somewhat 


1*338 

2*099 

{ 14*060 

63*242 

0*507 

! °iiy 




| 36*114 

140*875 

0*479 




{ 30*114 

140-875 

0*433 





Mean 

0*462 




/ 14*060 

73*608 

0*526 




14*060 

75*813 

0*541 

Dry, 




25*087 

91*252 

0*411 

< somewhat 


0*3*28 

0-514 

/ 25*087 

98*975 

0*438 

1 oily 




1 25*087 

94*5450 

0*422 




36*114 

161*827 

0-477 




\ 36*114 

108-576 

0*490 





Mean 

0-472 




11*911 

71*458 

0*570 

Very dry 




11*911 

72*560 

0*575 


2*741 

4*306 

22*938 

114*465 

0*512 

rough. 


22-088 

101*541 

0*483 




33*965 

137*622 

0-446 




33*965 

136*519 

0*443 





Mean .. 

•504 


General Mean .. .. 0*477 
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EXPERIMENTS TPON THE FRICTION OF BkLTB OF CURIUED LEATHER UPON CAST-IRON FTLLETR. 


! 

Rrfidlh 

of 

Belt 


State of the 
lk-lt. 


ft 


0-104 


Dry, 
a little 
unctuous 


I Dry, 

O lOi a little 
I unctuous 


0104 


0104 


Pry, 1 
a little 1 
unctuous ) 


Moistened | 
with | 
water J 


Diameter 
of the 
ruliej. 

Arc 

nsbrtcrd 

* 

Tevhox 

Ascending 

Q 

or Stbif. 

Descending 

P. 

Ratio of 
Frktkrti t© 
iTcasare / 

ft 

ft 

lbs 

lbs. 




14 060 

29-719 

0-338 \ 



14*060 

36-996 

0-308 

2 000 

3*143 

14 060 
25 087 

84*791 

04*566 

0*288 l 

0*301 / 



36*114 

89 047 

0*282 



36114 

82*436 

0*262 / 




Mean .. 

0*279 



( 14*060 

35-286 

0*300 \ 



25-087 

61*478 

0*285 

2-000 

3 143 

) 25087 
) 36114 

57-007 

80*224 

0-271 1 
0-254 / 



36114 

80-224 

0-254 



[ 58170 

160-724 

0*323 / 




Mean . . 

0*281 



/ 14*060 

31-704 

0*259 \ 



14 060 

40-525 

0*336 

0*361 

0*566 

1 25-087 
\ 25087 

59*273 
68 095 

0*273 \ 
0*318 | 



86*114 

81*328 

0*259 



l 36114 

81*328 

0-259 ! 




Mean .. 

0-284 



( 25 087 

68 095 

0-317 



14*060 

43- 834 

0-861 

2-000 

3 143 1 

I 14*060 
\ 36114 

43-834 

114-410 

0-361 

0*866 



36-114 

127*643 

0-401 



\ 47142 

199-321 

0*458 


, 


BIcnn . . 

0*377 


Remarks. 


This bolt was old, hav- 
ing been used a long time 
in a spinning-mill. Thu 
pulley was not turued. 


This bo-lt was new. The 
pulley was not turned. 


The pulley was turned ; 
its width was only 098 ft., 
and so reduced the slipping 
part of the belt to *098 ft. 


We seo by the results of these experiments, in which the arc of contact varied in the ratio of 
8*3 to 1 nearly, and where the tension has reached very nearly the limits assigned to the holts 
of machinery, that the value of the ratio /, of friction to the pressure, remained very nearly 
constant. 

The three first series of the first Table fully confirm the theoretic considerations. The fourth 
aeries relates to a belt quite new, and very stiff, and to this we attribute the small increase 
presented by it in the mean value. This belt having, moreover, only a width of -091 ft., or about 
the half of the preceding, we see that this last series confirms, as to bolts, the law of the inde- 
pendence of surface. 

In the experiments of the second Table, the extent of arc embraced varied in the ratio of G to 1, 
the breadth of the belt pressed against the pulley in that of 2 to 1, the tension from 1 to 3 and 
from 1 to 6, and still the value of the ratio /, of friction to the pressure, remained sensibly constant, 
anil equal iu tho mean, for the dry belt and dry pulleys, / = 0 282. When the pulley was 
moistened with water we liad / = 0-377. 

Conclusions . — In considering the results of these two series of experiments upon the friction of 
belts upon wooden drums and cast-iron pulleys, wc see that we arc justified iu admitting that tho 
ratio of the resistance to tho pressure is ; — 

1st. Independent of the width of the belt and of the developed length of the arc embraced, or 
of the diameters of the drums, or, wlmt amounts to the same, art; independent of the Burfaco of 
contact. 

2nd. Proportional to the angle subtended by the belt nt the surface of tho drum. 

3rd. l^portional to the logarithm of the ratio of tho tension of the strips, and expressed by 
tho formula 

1 1-3C3 ’ 

Experiments upon the Variation of the Tension of Endless Cords or Belts used in Transmitting Motion. 
— We pass now to an experimental proof of the theory given by M. Poncelct, upon the transmission 
of motion by endless cords or belts, and will first give a description of its nature. 
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When a cord or belt surrounds two pulleys or drums, between which it is designed to maintain 
a conjoint motion, care is taken to give it a sufficient tension, which is usually determimxi by 
trial, but which it would be best to calculate, as we shall see hereafter. The SrnMifiW tension is, 
at the commencement, the same for both parts of the bolt ; and this equality, established in repose, 
is only destroyed by the friction of the axles, which may act in either direction, according to that 
of the motion of the pulleys. 

Let us examine how this motion is transmitted in such a system. Let C be the motive drum : 
C' the driven driun : T, the primitive tension common to the parts A A' and B B* of tlie belt, from 
tho moment when the drum C begins to turn until it commences to turn the 
drum C'. 

The point A of primitive contact of the part A A' advances, in separating 
from the point A*, in the direction of tho arrow ; the strip A A' is stretched, and 
its tension increased by a quantity proportional to this elongation, according to 
a general law proved by experiment upon traction.— (See Lessons upon ‘ Resist- 
ance des Materinux.’) At the same time, the point B of contact of the part B B' 

Approaches by the same quantity towards the point B', so that the portion B B' 
is diminished by a quantity equal to the increase of that of A A'. If, then, we 
call T the tension of the driving portion A A', at the instant of its being put 
in motion, T' the tension of the driven part B B', t the Quantity by which the 
primitive tension T, is increased in the portion A A', and diminished in the part 
n B', we shall have T - T, + <, and T’= T, — t, and consequently T + T'- 2 T,. 

Then, at any instant, the sum of the two tensions T and T' is constant and 
double tho primitive tension. 

Now it is evident that in respect to the driven drum C' the motive power is 
the tension T, and that the tension T' acts as a resistance with the same lever 
arm, so that the motion is only produc'd and maintained by the excess T — T r 
of the first over the second of these tensions. 

If the machine is, for example, designed to raise a weight Q acting at the 
circumference of an axle with n radius R\ it is easy to see, according to the theory of moments, 
that at any instant of a uniform motion of the machine, we roust have the relation 
(T-T')R = QR'+/N r, 

N being the pressure upon the journals, and r their radius. 

The pressure is easily determined; for calling the angle formed by the directions A A' and 
B B’ of the belts with the line of the centr es C C ", M the weig ht of the drum, we see immedi- 
ately that N = J [M -f Q + (T - T‘) sin. a ]* + (T -f T) cos. * <i, an expression which, according 
to the algebraic theorem of M. Poncclet, has for its value a fraction equal to nearly, when the 
first term under the radical is greater than the second, N = 0‘ 96 [M + Q -f (T — T') sin. a] + 0*4 
(T + T') cos. a. This value of N being introduced into the formula for equality of moments, we 
have a relation containing only the values of the resistance Q and of the tensions. But as it 
may be somewhat complicated for application, observing that in most cases the influence of the 
tensions T and T’ upon the frictions will be so small that it may be neglected, at least in a first 
approximation, we proceed ns follows : 

First, neglecting tho influence of tho tensions upon the friction, wo have simply, in the actual 
case, N = M + Q, and consequently (T — T) It = Q It' -f f (ML + Q) r, whence we deduce 
„ Q(K'+/r)+/.Mr _„ 

R “ 

which furnishes a first value for the difference of tensions, which is tho motivo power of the 
apparatus. 

But this is not sufficient to make known these tensions, and it is necessary to determine the 
primitive tension T J , so that in no ease the belt may slip. 

According to tho theory of M. Prony, we have, at tho instant of slipping, between tho tension, 

T and T' the relation T = T' x 2*718 *f / ~ T' s K T', the number K being a quantity depend- 

g 

ing upon tho nature and condition of the surfaces of contact, as well as upon the angle ^ 

embraced by the belts ujion the drum C\ These quantities are known, and we may in each oaso 
calculate the value of K by this formula, or take it from tho following Table, which auswers to 
nearly all the cases in practice. 

By means of this Table, we shall have then the value of T = KT', and consequently T — T' 
= (K — 1) T' ss Q. Q representing the greatest value which the difference of tensions should 
attain to overcome the useful and passive resistances. 

From this relation we may derive the smallest tension to be allowed to the driven portion of 

the belt to prevent its slipping : wo thus have T' = — • 

We should increase this value by T ‘„ at least, to free it from all hazard of accidental circum- 
stances, and to restore the account of tho influence of the tensions upon the friction, which was 

Q 

neglected. This established, we have T = Q 4- — — and consequently 

K — 1 


614 . 



T, 


T + T' l K + l Q 
2 “2 K-1 W ' 


All tho circumstances of the transmission of motion will then lie determined. 
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If these first values of T, T\ ami T, are not considered as sufficiently correct, wo may obtain 
a nearer approximation by introducing them in the value of the pressure N, and thus ucduoe a 
more exnct value of Q, which will serve to calculate anew T', then T aiui T,. 


Ratio 
of the Are 
embmrd to 

Vaj.tr or the Ratio K. 

New Belts 

Belts in usual Condition. MoUtened 

G-rd* upon Wooden Drums or 
Axles. 

fcraacc. 

Wouden 

Druius. 

Upon Wooden 
lhurns. 

I- Cawt-irbo 

Upon (.«at- Palters. 

Iron Pulleys. 

Hough. 

Smooth. 

0*20 

1*87 

180 

1*42 1 1 01 

1*87 

1*51 

0*30 

2*57 

2*43 

1*09 2*05 

2*57 

1*86 

0-40 

3*51 

a -26 

2*02 2*60 

3*51 

2*29 

0*50 

4-m 

4-38 

2*41 | 3*30 

4*81 

2*82 

0 00 

6*59 

5-88 

2*87 4 19 

6*58 

3*47 

0*70 

9 00 

7*90 

3*43 5*32 

9*01 

4 27 

0*80 

12*34 

10*02 

4 09 6*75 

12*34 

5*25 

0*90 

16*90 

14 27 

4-87 8*57 

16*90 

6*46 

1 00 

23*14 

19*16 

5-81 10*89 

23*90 

7*95 

1-50 




111*31 

22*42 

2 00 




535*47 

63-23 

2*50 


•• 


2574*80 

178*52 


Experiment* upon the Variations of Tensions of Endless Belts employed for the Transmission of Motion, 
— To verify by experiment the exactness of these considerations, Morin placed vertically above tho 
nxis of a hydraulic wheel, and of a pulley mounted upon its axle, a cylindrical oak 
drum, 2 74 ft. in diameter, and whose axis was 9 -84 ft. from that of the wheel. 

Around this drum A' If, and the pulley A 11, was j»i»nd a belt which, instead of 
being in one piece, was in two parts, joined at each end by a dynamometer, with a 
plate and style, of a force of 411 lbs. Moreover, these dynamometer* were easily 
secured in positions such that that of the descending portion of the belt was near 
the upper drum, and that of the ascending near the lower drum. Thus the belt 
could 1 h> moved over a space of 6*56 ft. without the risk of the instruments being 
involved with the drums. 

A thread wound several times around the circumference of one of the grooves 
of the plate of each of the dynamometers, and attached by the other end to a fixed 
point, caused the plate to turn when the apparatus was in motion, and the paper 
with which the plate was covered received thus the tract* of the style of the 
dynamometer. 

The belt being passed over tho two dm ins, the tensions of the parts were 
varied at will in either direction, by suspending at the circumference of tho up|>er 
drum a plate Q charged with weights. As hi the primitive tension, it was 
increased by bringing nearer together the ends of the belt, or in diminishing its length before tho 
experiment. 

The apparatus being thus prepared for observations, before loading the plate Q, we traced the 
circles of flexure of each of the dynamometers, so ns to have the tensions of the l**lt at rest, and to 
obtain by their sum the double of the primitive tension T,. We may conceive that these* two ten- 
sions can never bo quite equal ; but that is not iinjjortant, inasmuch as we have to deal only with 
their sum. 

This obtained, we load the plate with a weight which, being suspended upon the circumference 
by a cord of a diameter equal to the thickness of the belt, has the same lever arm as the tensions. 
That part of the belt opposed to this weight is stretched, and the jmrt on the same side is slack- 
ened. and we trace the new curves of the flexure of the dynamometers. 

For the same primitive tension we may make a series of experiments up to the motive weight, 
under the action of which the belt slides upon either drum. 

In these experiments facilities were afforded for allowing the two drums to turn a certain 
amount under the action of the tensions, so that we could realize the three cases in practice, to 
wit, that of the variation of tensions before motion was produced, that of the variation during 
motiou, and finally, that of the slipping. 

The belt used in these experiments was very pliable, soft, and little liable to be polished in slipping. 
In calculating the ratio of the friction to the pressure for this belt, by means of experiments 3, 13, 
and 10, we find respectively / — O' 578, / = 0 ' 596, and / = 0*544, the mean being f - 0*573. 

Remarks upon the Results contain*! in the foUvcin*] Table . — We sec that tho first line of each 
aeries corresponds to the case where there was no additional weight, and where each portion of the 
bolt took the primitive pressure corr<.*spondiiig to the distance apart of the axes. As the weight 
mis pended from tho drum was increased, the tension of one of the strips was increased, and that of 
the other was diminished; but so that their sum remained constant, as is shown by the fifth column 
of the Table. 

These results, which completely confirm the theory of M. Poncelet, being relative to tensions 
whose sum reaches 198 lbs. and more, where the greatest rise as high as 189 lbs., and the i^nallest 
fall as low as 1 1 lbs., comprise nearly all the cases in practice, and show that this theory may with 
safety be applied to the calculation of transmission of motion by bolt*. 
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Experiments upon the Variation op the Tensions of Endless Belts employed in 

TRANSMITTING MOTION BY PULLEYS OB DRUMS. 


Number 

of 

Experi- 

ment. 

Weight 
suspended 
at the 

Circumference. 

Tcxbios oi 

Rising or 
stretched, T. 

TiiB Past. 

Descending or 
slack find. T\ 

Sum of (he 
Tension#, 

T + T' = T,. 

Remarks. 


lb*. 

Ibi 

lbs. 

lbs. 


1 

000 

38*57 

32*84 

71*41 


2 

44*61 

60*07 

12*84 

72*91 


3 

59 * 55 

63*14 

10*19 

73*33 

Tho belt slipped. 

4 

0 00 

64*86 

57-41 

122*27 


5 

22*56 

75*09 

46-82 

121*90 


G 

7 

8 

44*61 

66*67 

97*54 

84*51 

97*96 

109*92 

36*26 

24*17 

20*76 

120-77 ) 
122*13 } 
130*67 ) 

Tfie dynamometers moved 
about 3*28 ft 

9 

000 

73-73 

62-32 

136-05 | 


10 

55*64 

99 00 

41*53 

140*53 J 

Ditto ditto. 

11 

110*78 

117*77 

20*38 

188*15 ) 


12 

000 

66-91 

57*94 

124-85 


13 

115*19 

103*78 

15*86 

119-64 

The belt slipixd. 

14 

0*00 

107*53 

98*01 

206-44 


15 

55-G1 

130*05 

70*26 

200*31 


16 

110*78 

157*02 

47-57 

204*59 


17 

000 

97-24 

88*75 

185*99 


18 

110-7S 

154*29 

40*78 

195*07 


19 

174*23 

170-67 

43-42 

214*09 

Ditto ditto. 

20 

0 00 

86*72 

71*34 

158-06 


21 

88*72 

134*84 

44-17 

179 01* 



* Besides the lo«l there vu mummied to the main drctunforence of the floats of tin* wheel, at 6’ 05 ft from the 
axis, a weight of 22*56 lb*., which broke the equilibrium. 


In conclusion, we would odd that bolts desired for continuous service may be made to boar a 
tension of 0 551 lb. per *0000107 mi. ft., or *00155 sq. in. of section, which enables us to deter- 
mine their breadth according to the thickness. 

We give, from the ‘Journal of the Franklin Institute* (1808), an account of the experiments 
and comparisons of RoU-rt Briggs and II. It. Towno. relative to the transmission of force by belts 
and pulleys. The results so indejN-ndi-ntlv obtained by these investigators will, we have no doubt, 
be useful to those engaged in the construction and working of machinery. 

K. Briggs observes “ There are few mechanical engineers who have not been frequently in 
want of tabular information or readily applicable formulas, upon which they could place reliance, 
giving the power which, under given conditions nnd velocity, is transmitted by belts without 
unusual strain or wear. The formula of the belt or brake is well known and simple ,* and it is only 
necessary to acknowledge and adopt a value for the coefficient of friction (or of adhesion, which is 
perhaps the better term), to allow this formula to be applied in daily use. And this coefficient of 
friction has been carefully established by the experiments of General Morin and M. 1‘rony, and has 
been made available to linglish and American engineers, by the translation of Bennett. It must 
bo remarked that there are some mistakes in the text of Bennett’s translation, which will lead to 
serious errors, unless road by a careful investigator. 

44 With even* poiut needed, therefore, at the command of the engineer, it is somewhat surprising 
that a more extensive publication and general use of the data has not followed. 

“But notwithstanding the existence of this correct mathematical and experimental information, 
the numerous tables which have been given by mechanical engineers appear to have bad only that 
kind of practical basis which has come from guessing that an engine or a machine, either the 
driving or the driven, with a belt of given width, was producing or requiring some quantity of 
power, which might be expressed in terms generally without any stat'd arc of contact.” 

The terms referred to are vulgarly called foot-pounds, hut should bo nominated units of work, 
Sco Principle of Work. 

“ Three rules given by practical mechanics vary an much, as to give as bases for estimate 
(without regard to arc of contact) 0*70 horse-power, 0*93 horse-power, and 1*75 horse-power, 
respectively, for the jaiwer of a belt 1 in. wide running 1000 ft. per minute. , 

“It was the requirement to know the exact useful effect of a novel disposition involving an 
unusual small are of contact of the licit upm the pulley, where much embarrassment would result 
if the application proved itself unsatisfactory, that led to the present inquiry. As the writer was 
not able to give the time deiunnded for making such exjperiments ns would establish the practical 
coefficient of adhesion, he, Briggs, suggested what was desired to II. R. Towne; and the numerous 
experiments, of which he gives the accompanying report, arc the result of the labour aid care of 
U. R.Towue. 
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M It was not until after the experiment* were completed.” says II. It. Towne, “ that either he 
or R. Briggs knew of the publication of M. Pronyor General Morin, although Bennett’* translation 
rested upon tho shelves of the writer's library; but, aside from the gratification which we feel at 
the corroboration, we think the reader of this article will be pleased to know that our data is 
founded upon tho ordinary pulleys anti 1*11# of the workshop, and our experiments were not im- 
paired by any niceties which common workmen would not apply. 

u Even tho crudeness of our experimental apparatus, anu tho general not over-exact method 
adopted, will servo to demonstrate to tho minds of practical men the possibility of reiving upon 
figures which have been established so nearly in accordance with tho customs of tho workshop.” 


Wo have before shown that 


Q / — 

p = § r , where t is the base of hyperbolic 


logarithms ; T, =■ the tension of tho belt on tho tight side ; T, = the tension of the belt on tho 
loose side ; / = the coefficient of friction ; r — radius of pulley ; and / = the length of the arc of 
contact. We can further transform this equation, by substituting the ratio of the angle in degrees 
for the length of contact on the arc, compared to the radius, c = 2*718281828. 


2 r» 

Thus — — - = arc 
360 


( 2rw\ T /- — 

— ) .\=r- = « 8-0 , and taking the numerical values of 

flw / 1 I 


ir, Mid dividing out the 360, 


0 017156/a 


'• T, 

, tog. = 0 4313 (0 017156/a), 

log. T, — log. T, = 0‘00756/a 
. T, _ I0 0 00758/a, 

T, 


*(«) 


As we assumed, P = T, — T,. T f = T, — P, which inserting in equation [2] 


. T » - 
* ‘ T, - P 


0 00758 fa 


... p ( 10 0 00758/a) = T i ^ 0 0 00758/.)_ Ti 


P = T, ( 1 — 1 


-0 00758 /a> 


The third equation is the one to which we would now call attention. By it, for any given values 
T 

for the ratio we can determino the coefficient of friction, when, by experiment, we have fixed 

the greatest difference of the two strains without slipping on a pulley with a given arc (measured 
by a) of contact. 

We would here, says the experimenter, make a very important observation, which forms the key 
of the whole system of transmission of force by belts. In practice, all belts art worked at the maximum 
coefficient of friction . A belt may, when new or newly tightened, work nnder heavy strain, and 
with a small oocfficicnt of friction called into action ; but in process of time it becomes loose, and 
it is never tightened again until tho effort to perform its task is greater than the value of the coeffi- 
cient with a given tension of belt and tho belt-slips. We, says Briggs, run our belts as slack as 
possible, so long as they continue to drive. 

It has been shown that the value of T, + T f , or the sum of the strains upon tho two sides of a 
belt (loose and tight), is a constant quantity — that is, when a belt is performing work it will 
become loose on the one side to the exact amount that it is strained on the other, and when at rest, 
not transmitting force, the tensions will become equal, and their sum be the Same as before. It is 
manifest that the limit of the strength of a belt is found in the maximum tension T,, and that this 
strength being known, the effective pull (P) is further limited with any given arc of contact by 
the value/, or the coefficient of friction. 

The discussion has so far been limited to tho pull exerted by a belt ; when we would include 
the power which belts will transmit, we have only to multiply the pull by some given or assumed 
velocity, to transform our equations into work performed. 

By means of the third equation, we will now deduce a value for the co-efficicnt of friction as 
given by tho experiments. 

l°g- 

All the experiments wero with the arc of contact = 180° = a, which, substituting / = j .3^44 * 

and the result of 168 separate experiments has given, under tensions of T, from 7 to 110 lbs. to an 
T, . log. 6-294 ^ . 


inch of width of belt, ~ = 6 294. 
% 253, gives / = 0-573. * 


Bennett's Morin, page 306, 
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In this cam T. has in all cases been so much in excess of T, , as to Blip the belt at a defined, 
•low, but not accelerating, motion. 

From an examination of tho report of the experiments, we think the reader will coincide with 
T 

our conclusion that ^ of this value of ~ can be taken as a suitable basis for the working friction 
or adhesion which will cover the contingencies of condition of the atmosphere os regards tempera- 
ture and moisture; or = 3*7764 (maximum practical value) .*./ = = °'* 22i> 2- 

It should be noted that tho experiments were made without any appreciable velocity of belt, 
and throughout this paper no regard has been paid to the effect of velocity or of the dimensions 
of the pulleys upon the value of the coefficient of friction. 

For pulleys less than 12 in. diameter (with the belts of the ordinary thickness of about ^ths in.), 
and for velocities exceeding al»out 1000 ft. a minute, allowance must 1>« made for the rigidity of 
the belt in the one case, and for the interposition of air between the jniUey and the belt in the other. 
At high speeds, say 3000 ft. velocity of belt a minute, the want of contact can be seen, some- 
times, to the extent of one-third the arc encom|ias8ed by the belt. Briggs has proposed to place a 
deflector or stripper near the belt, to take off the stratum of air moving with it, but has never tried 
the experiment, although he has little doubt of its giving some advantage. 

The experiments further show that 200 lbs. to an inch of width of belt is the maximum strength 
of tho weakest part — that is, of the loco-holes. Taking this, with a factor of aafetv at one-third, 
we have the working strength of tho belt, or the practical value for T, = 66f lbs. Bennett’s 
Morin, page 306, ^ 253, gives 55* 1 lbs. the inch of width as admissible. In the case when belts aro 
spliced instead of laced, a great increase of strength has been shown, tho experiments giving 
380 lbs. to an inch of width, or 125 lh«. safe working strength. 

If we insert these values of / and T. in [11 

r^CTHb-lO - 0 0078 * 0 42292 *) 

P = 66} (l- 10 - 0 003206 “) [5] 

This equation [5] is the really important one in practice, and by means of logarithms can bo 
solved for any valnes of a 0 readily ; but as some of those who may wish to use it may not Ik* at 
once prepared to use the logarithmic notation, from want of use or practice, we give an example. 
Suppose we take an angle of 90'’, the negative exponent then becomea — 0 * 003206 x 90 ^ — 0 * 28854 ; 
subtracting this from 1, we have — 1 *71146. This term thus becomes 10 ” * 71146 this 

expression is only the notation for anti-logarithm — 1*71146, or in words the number for which 
— 1*71146 is the logarithm. Ixigarithmic tables give this number - 0*51505, and the equation 

P = 6«| (l-10-° 003200 * ®°) = CGJ (l-10 _I ' 7mG ) = 66} (1-0-51505) = C0J x 0 48195. 

• P = 32’33. 

The largest possible angle for an open belt, without a carrier or tightener, is 180”, ns upon 
either the driving or tho driven pulley this cannot bo exceeded ; but tor crossed, or carried, or 
tightened belts, the angle may be ns large as 270”. 

Briggs and Towne give the following Table of results for different arcs of contact (correspond- 
ing to a°) within the usual limit^ of practice. 

Table I. — Strain transmitted by Belts or One Incit Width upon Pulleys when the 
Amos or Contact vary as the Angles or 

90° 100° 110° 120° 135” 150° 180° 210° 240° 270° 

lb* tb* lb* lb* lb* lb* lb* lb* lb* lh* 

32*33 84*80 87*07 39*18 42*06 44*64 49*01 52*52 55*33 57*58 

If we suppose the pulley to bo 1 ft. in diameter, and to run some number, N, of revolutions a 
minute, we have the power transmitted = N w P. 

And we give tho following Tablo for different arcs of contact (corresponding to o°) within the 
usual limits of practice. 


Table II. — Power transmitted by Belts on Pullets One Foot in Diameter One Revolution 
a Minute. Arcs or Contact or Belts rroN Pulleys corresponding to the Angles : 


Inchr» of 
Width 1 
Of Belt. 

! 90° 

■ 100° 1 

110° 

1 

120° 

135° ! 

150° 

' 180” 

210° : 

240” | 

270” 


foo«-lb. 

foot-ib* 

foot-lb* 

foot-lb* 

fool -lbs. 

foot-lbs. 

foot-lbs. 

foot-lb* 

foot-lb* 

foot-llis. 

1 

102 

109 

116 

123 

132 1 

140 

154 

165 

174 : 

181 

2 

203 

219 

233 

246 

264 

280 

308 

330 

348 | 

361 

3 

305 

328 

349 

369 

396 ; 

420 

462 

495 

521 

542 

4 

406 

437 

466 

492 

528 

560 

; 616 

660 

695 ' 

723 

5 

508 

547 ; 

582 

615 

6(8) 

701 

770 

825 

869 I 

904 

6 

609 

656 

699 

738 

792 

841 

924 

990 

1043 

1084 

7 

711 

766 ' 

815 

861 

924 1 

982 

! 1078 

1155 | 

1217 

1265 

8 

813 

875 i 

932 

985 

1056 

1122 

1232 

1320 

1391 

1446 

9 

914 

984 

1048 

1108 

1188 

1262 

1386 

1485 

1564 

1G26 

10 

1016 

1094 S 

1165 

1231 

1321 

1402 

1540 

1650 

1738 

1807 
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Tho application of Tabic II. to any given ease* of known angle of the arc of contact, width of 
belt in inches, diameter of pulley in feet, and number of revolutions, is simply to take the figures 
from the Table for tho first two, awl multiply by the two succeeding conditions, to obtain the foot- 
pounds of power tmnsmittM. 

These experimenters take the following examples : — 1st. Rchenck (of New York) found an 
1 8-in. wide belt running 2000 ft. a minute, the pulleys being 10 ft. to C ft., would give 40 horse- 
power, with ample margin (one-fourth). 

If we take the distance from centre of the 16-ft. pulley to that of tho 6 ft. to bo 25 ft. (about 
the usual way of placing the fly-wheel pulley of an engine in regard to the main line of shafting), 
we have the arc of contact subtending about 153°. From Table I. tho strain transmissible is 
45-1 lbs. x 18 x 2000 = 1,623,600 foot-pounds or units of work = 49*2 HP. 

2nd. William B. Le Van (of Philadelphia) found by indicator that an 18-in. wide belt ninning 
1800 revolutions a minute, the pulleys being 16 ft. and 5 ft,, respectively, transmitted 43 HP., with 
maximum power transmissible unknown. If we take the centre’s distance, as before, at 25 ft., we 
have the arc of contact subtending about 1 50°. 

From Table I. we derive 44*64 lbs. as the strain transmissible X 18 x 1800 = 1,446,336 foot- 
pounds = 43*83 HP. The same authority found by indicator that a 7-in. wide belt over two 
2-ft. 6-in. pulleys, 11 ft. centre to centre (horizontal), moving 942 ft. a minute, gave 8 hi*. 
From Table L, for 180 r angle, we take 49*01 X 7 x 942 = 323,172 foot-pounds = 9*79 lip. This 
belt was stated to bo very tight. 

3rd. A. Alexander (‘ Engineer,’ March 30, 1860) gives a rule that a 1-in. belt will, at 1000 ft. 
velocity, transmit If nr. 

If we take the contact at 180° from Table I., 49*01 x 1000 = 49,000 foot-pounds, we have only 

1$ HP. 

4th. William Barbour (same journal, March 23, 1860) gives as the power a 1-in. belt will 
transmit with 1000 ft. velocity = 0*927 hf., when we derive with 180° angle from our Tables = 

1J HP. 

5th. A. B. Ex (same journal, April 6, 1860) gives a rule 

diameter in inches x revolutions a minute x breadth in inches 

5000 =Nbp ' 

ratio of pulleys not to exceed 5 to 1. Changing this rule to 

diameter in feet x revolutions a minute x width in inches 
5000 + 12 33,000 = N ff)ot 'P ound8 - 

. Diameter in feet x revolutions a minute x width in inches _ ^ ^ , 

0*01263 “ * 

79*2 x diameter in feet x revolutions a minute x width in inches = N foot-pounds. 

From Table II. the angle of 120° gives 123 in place of 79*2, and it would appear this authority 
adopts about 4 the effect wo take. 

6th. W. Fairbairn gives (‘Mills and Mill Work,’ Part II., page 4) a table of approximate 
width of leather straps in inches necessary to transmit any number of horse-power ; tho velocity of 
the belt being taken at 25 to 30 ft. a second (1500 to 1800 a minute), 1-foot pulley, 3*6 in. wide, 
gives 1 hp. 

Assume 1650 ft. a minute, contact 180”, wc have from Tablo I., 1650 x 49*01 x 3*6 x 1 
as 29,112 foot-pounds = 0*87 HP. 

7th. Ronkine gives (‘Rules and Tables,’ page 241) 0*15 as the coefficient of friction, pro- 
bably applicable to the adhesion of belts on pulleys to be used with his formulas in estimating the 
power transmitted. Neither experiments nor practice give so small a coefficient as this. 

We, says Briggs, could multiply authorities on these points, but think tho corroboration of 
those we 4Uote with our Tables sufficient to establish our exjicriiucntul and estimated coefficient of 
friction, / = 0*423, as a proper practical basis. 

These experimenters givo the two following cases, not only to show the application of tho 
formula 5, but as matters of some interest. 

In the construction of one of the forma of centrifugal machines for removing water from satu- 
rated substances, tho main or basket spindle is driven by cone-formed pulleys, one of which, being 
covered with leather, impels the other by simple contact. 

In the particular instance taken, the iron pulley on the spindle was 6 in. largest diameter, and 
the leather-covered driving-pulley was 12 in. largest diameter; the length of cones on the face was 
4 in., thiB last dimension corres|>onding to width of belt in other cases. By covering tho leathered 
pulley with red-lead, we were ablo to procure an impretsion on the iron pulley, showing the width 
of tho surfaces of contact when the pulleys were compressed together with the force generally 
applied when the machine was at work. This width was, at the largest diameters, almost exactly 
) in. From the nature of tho two convex surfaces compressing the leather between them, tho 
actual surface of efficient contact cannot be token at over half this width. (The slight ormr in 
estimating this contact as straight lines in place of circular arcs mav be neglected.) This gives 
tho angle subtended by the arc of contact on the iron pulley = 2) c ', taking equation [5]. F = 66) 

(l - 10 “ a ) = 661 (l - 10 - 0 008015 ) = 66) (l - 10 " *•*»»*) =66|(1- 

0*98171) = 66} (0 *01829) = 1*3717. 

Now, the average diameter of the iron pulley in the middle of its 4-in. face is 4*708 in. 
= 0*3923 ft., with a circumference of 1*2326 ft., and it is usual to run, at the least velocity, 1000 
revolutions a minute; whence the power given by these puUeys = 1*3717 lb. x 4 in. x 1 *2326 ft. 

x 2 


Digitized by Google 



308 


BELTS. 


x 1000 revolutions = C757 foot-pounds = 4 hp. As the work performed by one of them centri- 
fugal mnchines is the acquirement of velocity under the resistance of the friction of the mnchino 
and of the air, and the work of expelling the moisture is so insignificant in comparison that it may 
bo neglected in estimating, it can be taken as probable that the real power demanded to keep tho 
machine in motion is very nearly thAt given by calculation. It should be stated that the basket 
belonging to this particular machine is 2d in. diameter and 12 in. deep. 

The second special case we instance at present consists in a proposed arrangement for driving 
a fan which had previously been found to demand an 8-in. belt on a 10-in. pulley to run it 1275 
revolutions a minute. (The arc of contact here was 162°, so that the apparent power with a 
very tight belt was 37} up. : but about 4 of this was defective adhesion from running a rigid belt 
over so small a pulley.) It was thought desirable to avoid the fast-running countershafts, and 
drive this direct from an engine-pulley fly-wheel, by impingement, so to speak, of the belt on its 
tight sido between the fan-pulley and anothor larger carrier-pulley, against a portion of the 
periphery of tho fly-wheel. 

If wo suppose the force demanded measured on the fan-pulley, as before, to be 40 HP. = 
1,320,000, and the fan-pulley to be 10 in. diameter x 16 in. wide, and to run 1250 revolutions a 
1 320 000 

minute; .*. 7 — - — — — = 25 2 as the pull, P, on each inch of width of the belt as it 

1250 x {{{ x 16 x v 

comes from the 10-in. pulley. By substituting this value for P in equation [S], and then reducing 
tho equation to find the valuo for a°, wo have «° = 65°, which is the angle of contact demanded to 
give the necessary adhesion. 

It will l>e noticed tliat this angle is independent of tho diameter of tho fly-wheel pulley, it 
being only requisite that that diameter should be such as with the given or assumed number of 
revolutions will produce the given velocity. In tho ease taken for example, the fly-wheel pulley 
was 16 ft. diameter x 16 in. wide, with 70 revolutions a minute velocity. 

As we have before remarked, the sum of the two tensions on the belt is constant, whether tho 
belt is performing work or not; that is, 8 = T, -f T, ; but P = T s — T,. T, = T, — P. 
.*. 8 = 2 T, — r. 

As wo assumed in equation [5] T to eqnal C6| lbs., we can substitute the value of F as in 
Tablo I. in the equation, 8 = 2 (66§) — P = 133} — P, from which it is evident that the sum of 
the tensions will vary with P or with the angle of contact. It » evident, also, tluit the load upon 
the shaft proceeding from the tensions T t and T, will be the resultant of whatever augle the belt 
makes with a line joining the centres of the two pulleys, or as the cosine of that angle. 

By constructing on paper a pair of pulleys, it will be readily discerned that the angle in ques- 
tion for small pulleyB=90 Q — — , and for large and crossed ones, = ^ - 90°, we can consequently 
form tho following Table : — 

Table III.— Stbkxgtii op Lacing op Joint 66| lbs. the Inch Wide, 

Showing, first, tho sum of tensions on both sides of a belt to each inch of width, whether in 
motion or at rest, when strained to transmit the maximum quantity of power in general prac- 
tice ; and showing, second, the load carried by the shafts and supported constantly by tho 
journals tho inch of width of belt, when the arcs of contact vary as the angles of 



90° 

100° 

110° 

12(f 

135° 

150° 

180° 

210° 

240° 

270° 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lb*. 

1st, 

10P 

9853 

96*26 

94*15 

91*27 

88-69 

84*32 

80*81 

78* 

75*75 

2nd, 

71*42 

75*47 

78*85 

81*53 

84*32 

85*67 

84*32 

78*05 

67*59 

53*56 


When machinery is driven by gearing, the shafts only carry tho running wheels and the weight, 
and when the machines arc thrown on, the friction of the lines increases with the work ; but with 
belts and pulleys tho low! on tho line and its frictional resistance is constant, whether tho 
machinery works or lies idle. 

It is not proper to assume that the load produced by the belt on the shaft is exactly that given 
by the second lino in Table m. ; but we can be safe in taking those weights as rarely exceeded, 
because belts begin to fail when they are ; and as rarely much less, because few of our machines 
are not worked up to their belt of capacity. 

The advantages shown by the figures on all the Tables, but especially on the last, in those arcs 
of contact over 180° where crossed belts are used, have the substantial ground of practice, although 
many mechanics are unaware of the facts. It. Briggs instances a case of several heavy grindstones 
having from main to counter lines 8-in. crossed belts on pulleys, 3 ft. diameter, running 120 revo- 
lutions, only 8 ft. centre to centre, where belts have already lasted, day and night use, three-ond-a- 
half years. For the same purpose, 6-in. opeu belts were formerly used, with an average duration 
of a few weeks only. 

Another use of a crossed belt is for long belts, the crossing effectually preventing those waves 
which generally impair, if they do not destroy, such belts when open. 

We give a tabular record of the experiments of H. R. Towne, which will repay examination, 
as exhibiting several interesting and instructive facts connected with the efficiency of leather 
belts. 

These experiments were made with leather belts of 3 and C in. width, and of tho usual thick- 
ness— about f^ths of an inch. The pulleys used were respectively of 12, 23}, and 41 in. diameter, 
and were in each case fast upon their shafts. They were the ordinary cast-iron pulleys, turned on 
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the face, and, having already been in two for some years, were fair representatives of the pulleys 
usually found in practice. 

Experiments were made first with a perfectly new belt, then with one partially used and (n tho 
best working condition, and fiually with an old one, one which had been so long in use as to have 
deteriorated considerably, although not yet entirely worn out. The adhesion of the belts to the 
pulleys was not in any way influenced by tho use of unguents or by wetting them : the new ones, 
when used, were just in the condition in which they were purchased ; the others in the usual work- 
ing condition of belts os found in inuchine-shops and factories— that is, they had been well greased, 
and were soft and pliable. 

The manner in which the experiments were made was as follows : — The belt being suajicnded 
over the pnlley, in the middle of its length, weights were attached to one side of the belt, and 
increased until tho latter slipped freely over tho pulley ; the final, or slipping, weight was then 
recorded. Next, 5 lbs. were su*}>ended on «kA side of the belt, and the additional weight required 
upon on «* side to produce slipping ascertained as before, and recorded. This operation was repeated 
with 10, 20, 30, 40, and 50 Ids., successively, suspended upon both sides of the belt. In the Tables, 
these weights, plus half the total weight of the belt, arc given as the “equalizing weights" (T, in 
the formulas); and the additional weight required upon one side to produce slipping, is given 
under the head of “ unbalanced weights this latter, plus the equalizing weight, gives the total 
tension on the loaded side of the belt (T, in the formulas). 

The belt, in slipping over the pulley, moved at the rate of about 200 ft. a minute, and with a 
constant, rather than increasing, velocity ; or, in other woitls, the final weight was such as to enuso 
the belt to slip smoothly over the pulley, but not sufficient to entirely overcome the friction 
tending to keep the belt in a state of rest. In this case, that is. with an excessive weight, tho 
velocity of the belt would have approximated to that of a falling body ; while in the experiments 
its velocity was much slower, and wns nearly constant, the friction acting precisely as a brake. By 
being careful that the final weight was such os to produce about the same velocity of the slipping 
belt in all of the experiments, reliable results were obtained. 

It became necessary to make use of a weight such as would produce the positive motion of tho 
belt described above, as it was found impossible to obtain any uniformity in the results when the 
attempt was made to ascertain the minimum weight which would cause the belt to slip. With 
much smaller weights some slipping took place, but it was almost inappreciable, and could only bo 
noticed after tho weight hod hung for some minutes, and was due very probably to the impercep- 
tible jarring of the bnilding. After essaying for some time to conduct tho experiments in this 
way, and obtaining only conflicting and unsatisfactory results, the attempt was abandoned, and the 
experiments made as first described. 

In this way, as may be seen, results were obtained which compare together very favourably, 
and which contain only such discrepancies ns will always be manifest in experiments of the kind. 
It iB only by making a great number of trials and averaging their results, that reliable data can bo 
obtained. 

The value of the coefficient of friction which we deduce from our experiments is the mean of no 
lew than 168 distinct trials. 

It will be noticed, however, that the coefficient employed in tho formulas is but six-tenths of tho 
full value of that deduced from the experiments, the latter being 0 - 5853 and the former 0*4229. 
This reduction was made, after careful consideration, to compensate for the excess of weight 
employed in the experiments over that which would just produce slipping of the bolt, and may bo 
regarded as safe and reliable in practice. 

A note is made, over the record of each trial, as to tho condition of tho weather at tho time of 
making it — whether dry, damp, or wet ; and it will he noticed that the adhesion of the belts to tho 
pulleys was much affected by the amount of moisture in the atmosphere. It is to be regretted 
that this contingency was not provided for, and a careful record of the condition of the atmosphere 
*kept by means of an hygrometer. The experiments indicate clearly, however, that the adhesion 
of the old and the partially-used belts was much increased in damp weather, ami that they were 
then in their maximum state of efficiency. With the new belts, the indications are not so positive; 
but their efficiency seems to have bceu greatest when the atmosphere was in a dry condition. 

Experiments were also made upon the tensile strength of belts, with the following results : — 
The weakest parts of on ordinary uelt are the ends through which the lacing-holes are punched, 
and the belt is usually weaker here than the lacing itself. The next weakest points are the 
sfilices of the several pieces of leather which compose the belt, and which are here perforated by 
the holes for the copper rivets. The strengths of the new aud the partially-used belts were found 
to be almost identical. The average of the trials is as follows ; — 

3-in. belts broke through the lace-holes with .. .. 629 lbs. 

„ „ rivet „ „ .. .. 1146 lb*. 

„ „ solid part „ .. .. 2025 lbs. 


These give as the strength to the iacA of width 


When the rupture is through tho lace-holes 210 lbs. 

„ „ rivet „ 382 lbs. 

„ „ solid part 675 lbs. 


The thickness being in. (= *219), wo have as the tensile strength of the leather 308G lbs. 
a so. in. 

From tho obove we see that 200 lbs. an inch of width is the ultimate resistance to tearing that 
we can expect from ordinary belts. 
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The experiments herein described are strikingly corroborative of those already on record, and 
this gives increased tuammncu of their reliability: and, although there is nothing novel either in 
them or in their results, it is hoped tliat they will prove of interest, and that an examination of 
them will lead to confidence in the formulas which aro based upon them. 


Three-Inch New Belt. 


Ox 12-nrcH Pitlukt (hktweex Seams). 


Ok 12-ixch PtJUJtr (ox Seams). 


Equalising 
Weight*. 1 
or lufiiol 
Tension on 
each side 
or Belt 
«T t . 

! Un- 
balanced 
| Weight. 
Trial 
No. 1. 

Un- 

balanced 

Weight. 

Trial 

No. a. 

Un- 
balanced 
Wdgbt 
Average 
of Trials. 

Total 
Weight on 
loaded side 
of Bell 
when Belt 
•“IT* 1 
= 1,. 

T, 

r. 

Equalising 
weights, 
or Initial 
Tension on 
each side 
of Belt 
-T, 

Un- | 
balanced 
Weight. 

1 Trial i 
No. L 

1 Un- 
ts-ViiiiR'.-ii 
Weight. 
Trial 
| No. 2. 

Un- 

balanced 
Weight. 
Average 
of Trials. 

Total 
W eight on 
loaded side 
of Belt 
when Belt 
slipped 

T, 

r. 

294 

damp. 

17 

dry. 

20 

18*5 

21-44 

7-29 

2-94 

damp. 

14 

damp. 

14 

140 

16-94 

5-76 

794 

43 

58 

50-5 

| 58-44 

7-36 

7-94 

30 

32 

31-0 

38-94 

4-90 

12 94 

70 

8G 

78-0 

90-94 

7 03 

12-94 ! 

48 

51 

49-5 

62-44 

4-83 

22-94 

108 

167 

137-5 

100 44 

6-99 

22-94 

92 

87 

89-5 

112-44 

4-90 

32*94 l 

124 

220 

1750 

207 94 

631 

32-94 

107 

110 

108-5 

141-44 

4-29 

42-94 

159 

311 

235-0 

277 M 

G-47 

42-94 

134 

138 

13*3*0 

178-94 

417 

52-94 

210 

343 

270*5 ; 

329*44 

6-22 

52-94 1 

191 

188 

189-5 

242-44 

4-58 


* I 



Mean . 

G-8io; 





Mean . j 

4-775 


Three-Inch New Belt. 


Ox 23 |-nrcn Potter. 


Ox 41-rNCH PCLLKT. 


Equalising 
Wrights, 
or Initial 
Tension 
each side 
of Belt 
= T t . 

Un- 
balanced 
Weight. 
Trial 
No. l. 

Un- 

balanced 
Weight. 
Trial 
No. 2. 

Un- 
balanced 
Weight. 
Average 
of Triala 

Total 
Weight on 
loaded side 
of Belt 
when Bell 
slipped 

h. 

T. 

Equalizing 

Weights, 

1 or Initial 
Tension on 
each side 

; or Belt 

: = Tj- 

Un- 
balanced 
Wright. 
Trial 
No. 1. 

Un- 
balanced 
Wright, 
Trial 
No. 2. 

Un- 
balanced 
Weight. 
Average 
ol Trlala 

Total 
Weight on 
luadid side 

of Brit 
•h.n IMt 
.Uj^ 

Ti 

T, 

2-94 

damp. 

12 

damp. 

16 

140 

16-94 

5-7G 

2-94 

drr. 

13 

dry. 

13 

13 0 

15-94 

5-42 

7-94 

34 

44 

39 0 

46-94 

5-91 

1 7-94 

38 

39 

38 5 

46-44 

5 85 

12-94 

54 

77 

65 -5 

78-44 

606 

12-94 

55 

61 

580 

70-94 

5-48 

22-94 

110 

135 

122-5 

145-44 

6-34 

22-94 




»• 

„ 

32-94 

1G1 

191 

176-0 

208-94 

6-34 

32*94 

188 

176 

182 0 

214-94 

6-53 

42-94 

207 

234 

220-5 

268-44 

6*14 

42-94 



„ 

.. 


52-94 

277 

282 

279*5 

332*44 

6-28 

52-94 

289 

295 

292*0 

344-94 

6*52 





Mean . 

6118 





Mean . 

5-9C0 


Three-Inch Belt. 


PAETlALLT t>ITD AXD IX GOOD OXDEB— OX 12-1X01 PCLIJIT. 


Equalising 
Weights, or 
Initial 
Tension on 
eadi side of 
Belt = T t . 

Unbalanced 
Weight. 
Trial 
No. 1. 

Unbalanced 
Weight. 
Trial 
No. 2. 

Unbalanced 
Wright. 
Trial 
No. X 

Unbalanced 
Wright. 
Trial 
No. 4. 

Unbalanced 
Weight 
Trial 
No. 5. 

Unbalanced 
Weight 
Average of 
Trlala 

Total Weight 
on loaded aide 
of Belt when 
Belt slipped 

Tt 

Ts 


damp. 

damp. 

weL 

dry. 

dry. 




3-2 

13 

14 

26 

12 

11 

15-5 

18-7 

5*84 

8-2 

34 

36 

53 

32 

32 

87-4 

45-6 

5-56 

13-2 

57 

63 

77 

50 

50 

59-4 

72-6 

5 50 

23*2 

102 

109 

149 

90 

99 

109-8 

1330 

5-73 

33-2 

123 

128 

226 

144 

144 

153-0 

186*2 

5-61 

43 2 

174 

185 

209 

183 


210-2 

253-4 

5-87 

53-2 

226 

265 

338 

249 


268-5 

822*7 

607 








Mean 

5-754 
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Tubei-Incii Belt — pjlktiaxly lsed i.YD u oood oudzm. 


0% ll-IXGH pDLLST. 


0* 23J-1MU PtLLlT. 


Equalizing 1 
Weight*. | 

Un- 1 

I Un- 

1 Un- j 

1 Total 
! Weight on 


Equalizing] 
Wright*. 1 

Un- 1 

1 Un- 

1 Un* 

Un- 

Total 1 
Weight on 



balanced 

balanced 

Weight 

Averagel 

lo«i|a-d side 


<rr initial 

tn lanced 

balanced b d »n*:ed, 

Wcight 

Average 

of 

Trial*. 

loaded aide 


TmSnD on 

Weight 

Weight 
, Trial 

f of Belt 


Teiudon on 

Wright. 

Weight 

Weight 

of Hell 


each aide 1 

Trial i 

wl»l'll Ml 

J* 

each Bid" 

Trial 

Trial 

Trial 

when Belt 

, ' 1 » 

of Bell 
= T f . | 

No. 1. 1 

1 

j No. 2. 

1 TltaU 

! 


of Bell 
= T » ; 

No. 1 . 1 

1 

No. 2. 

No. 3. 

Slipped 
“ r i- 



dry. 

dry. 





damp. 

damp. 

dry. 




3*2 

26 

25 

25*5 

28*7 

8-97 ' 

3*2 

23 

22 

23 

22-6 

25-8 

8*06 

8*2 

59 

55 

570 

65-2 

7*95 

8*2 ; 

53 

54 

53 

53-3 

61 5 

7*50 

13 2 

86 

82 

84-0 

97*2 

7*36 , 

13-2 

80 

89 

82 

85-0 

98-8 

7*48 

23-2 






1 23*2 1 

.. 


141 




33-2 

188 

194 

190-5 

223-7 

6*74 

33-2 

194 

210 

181 

195 0 

228-2 

6*87 

43-2 

. . 





43*2 ' 



223 




53*2 

306 

323 

314-5 

367*7 

6-91 j 

53*2 

285 

316 

272 

2910 

344*2 

C*47 





Mean . 

7 586 






Moan . 

7*278 


Turek-Ikch Old Belt. 


OX 13-n*CH PVLLXX. 


Ox 23 j - IS cu PrmtT. 


Equalizing 

Weights 
or Initial 
Tension <ro 
each side 
or Belt 
= T„ 

Ua- 

balanad 
Weight. 
Trial 
No. 1. 

Un. 

balanced 
Weight. 
Trial 
No. 3. 

Cn- 

ta lanced 
Weight. 
Average 
of 

Trial*. 

Total 
Weight on 
load'd aide 
of Belt 
when Belt 
slipped 

, 

T. 

— 

Equalizing 
Weight*, 
or Initial 
T«nidon on 
each able 
of Belt 

= T,. 

Ud- 

halanrrt! 
Weight 
Trial 
No. 1. 

Un- 

hn lanced 
Weight 
Trial 
No. 2. 

Un- 

t a lanced 
Weight 
Average 
of 

Trial*. 

Total 
Weight on 
load"! Bide 
of Belt 
w hen Belt 

■££ 

T. 

T. 

2*75 

damp. 

12 

damp. 

13 

12-5 

15*25 

5-55 

2-75 

damp. 

16 

wet. 

20 

180 

20-75 

7*55 

7*75 

35 

39 

37*0 

44-75 

5*77 

7 75 

48 

70 

59*0 

66*75 

8*61 

12-75 

61 

66 

63*5 

76*25 

5*98 

12-75 

72 

106 

89*0 

101-75 

7*98 

22*75 

102 

10!) 

105*5 

128-25 

5*64 

22*75 

157 

174 

165-5 

188-25 

8*27 

32*75 

142 

158 

150 0 

182-75 

5*58 

32*75 

220 

232 

226*0 

258*75 

7*90 

42 75 

203 

220 

211-5 

254*25 

5-95 

42*75 

256 

276 

2710 

313-75 

7-34 

52*75 

259 

273 

266 0 

318*75 

6-04 

52-75 

301 

311 

306 0 

358*75 

6*80 





Mean . 

5*787 





Mean . 

7-778 


Sh-Inoi New Belt. 



On 23J-JXCH Pcllky. 



Ox ti-ixcu lTu.gr. 


Equalizing 
Weight*, 
or Initial 
Tension on 
each aide 
of Bell 

-IV 

Un- 

balanced 
Weight 
Trial 
No. L 

Un* 

ha lanced 
Weight 
Trial 
No. 2. 

Un- 

balanced 

Wright 

Average 
of Trial* 

Total 
Weight on 
loaded side 
of Belt 
when Belt 
slipped 

T, 

T« 

Equalizing 
Weight*, 
or Initial 
Tendon on 
each aide 
of Belt 

= TV 

Un- 
balance! 
Weight. 
Trial 
No. l. 

Ud- 

balanced 
Weight. 
Trial 
No. S. 

Un- 

balanced 
Weight 
Average 
of Trial* 

Total 
Weight on 
loaded side 

of Belt 
when Belt 
•lipped 

T, 

T, 

6-75 

dry. 

80 

damp. 

36 

33*0 

39*75 

5*80 

6*75 

32 

29 

30*5 

37*25 

5*52 

11*75 

53 

63 

58*0 

67*75 

5*77 

11*75 

53 

50 

51*5 

73-25 

6*23 

16-75 

78 

81 

79*5 

96*25 

5*75 

16*75 

72 

72 

72*0 

88*75 

5*30 

26*75 

125 

135 

130*0 

156-75 

5-86 

26*75 

118 

115 

116*5 

143*25 

5*36 

36 75 

161 

177 

169*0 

205 75 

5 no 

36*75 

159 

176 

167*5 

204*25 

5*55 

46*75 

216 

223 

219*5 

266-25 

5*70 

46-75 

209 

236 

222*5 

269*25 

5-76 

56*75 

265 

269 

267*0 

323*75 

5*70 

56*75 

265 

275 

270*0 

826-75 

5*76 





Mean . 

5*752 





Mean . 

5*640 


Bolts and drume constitute the most convenient method of transmitting rotary motion from one 
shaft to another. Of late y«*ara their nse has enormously increased, on account of their easy appli- 
cation in almost every case where power is required to bo transferred. Compared with cog-wheel 
gearing, they possess several advantages, namely, the driving and driven shafts may be at a 
considerable distance from each other, and need not be parallel or in the same plane. 
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Belts and drums form very effective friction-couplings. If a machine driven by a belt becomes 
accidentally overloaded, the belt tliflf upon the drum, and a break-down is generally prevented. 

By the introduction of fast and loose pulleys, the driven shaft can be set in motion or stopped 
with |*rfect safety, whilst the driving shaft is running at full speed. In cotton mills and other 
factories, where a number of independent machines are driven from a single shaft, this contrivance 
is of great value. 

The motion of belts and drums is much smoother than that of gearing, and they can be readily 
applied to machines which require a high velocity, where ordinary gearing would be quite inad- 
missible. 

Material and Mode of Manufacture . — Leather is generally used for the manufacture of belting. 
Other materials have been tried, such as india-rubber, gutta-percha, woven hemp, Ac., but leather 
lms been found to be the most reliable and economical in wear. 


The best description of leather for the purpose is English ox-hido tanned with oak bark by the 
slow old-fashioned process, and dressed in such a way as to retain firmness and toughness, without 
harshness and rigidity. 

The prime part of the hide only, called the butt, should bo used, 
the other portions being comparatively loose, and only fit for inferior A A 

purposes. J \j \ 

The dotted lines a, a, a, in Fig. 646 show the shape and size of the y V 

butt. 

Butts are generally cut out of hides in the preliminary preparing f S 

process, and tanned by themselves. The time required for tanning \ a ~~"t y 

best leather varies from twelve to eighteen months, according 1 J j / 

to the thickness. When the tanning is thoroughly completed, the j | J 

butt is curried or dressed. During this process it must be stretched. ft 1 1 

This is effected by machinery, the leather being allowed to dry in J \ a\ \ 

its extended state. Btmp-butts of best leather can be permanently / j® W 1 V 

extended from 4 to 5 in. For light workj belts of single substance / I ! 

are sufficient, the strips of leather being joined together by feather- 1 J | y 

edged splices, first cemented and then sewn. Single belting varies 
in thickness from ^ to $ in. For heavy work, double and sometimes 

treble layers of leather are required, cemented and sewn through their entire length. Tho 
material used for the sewing is either strong well-waxed hemp, or thin strips of hide prepared with 
id urn. The latter is generally used in the North of England; but its advantage over good waxed 
hemp is doubtful. The thickness of double belting is from A to A in. 

An improvement in the ordinary double belt, shown in Figs. 647, 648, has been introduced by 
Messrs. Hepburn and Sons, of Southwark, who have given much attention to this branch of leather 
manufacture. 



It consists in the substitution of a strip of prepared untannod bide for the outer layer of tho 
belt, corrugated, as marked by ana in Fig. 647 ; the inner one next the dram being made of tanned 
leather ns usual, and not corrugated. This combination, or composite belt as it is called, has much 
greater strength than a belt composed of tanned leather only, and is not nearly so liable to stretch 
in working. 

The sewing is also different Instead of hand-labour being employed, these bolts are sown, or 
rather riveted, by machinery, and copper or malleable iron wire is used in place of waxed hemp, as 
shown in Figs. 647, 648. 

Fig. G48 represents a longitudinal section of the belt through one of the lines of sewing, and 
shows the way in which each stitch or rivet is clenched and turned in. 

This metallic sewing is also applied to double belting mado entirely of leather, and has been 
found to work well, and to be more durable than ordinary lmnd-sewing. 

Fastenings of Belts . — Belts are usually laced together by thin strips of hide prepared with alum ; 
from 12 to 18 in. is allowed for lap; and rows of holes at equal distances are punched in each end 
of tho belt. A belt-fastener, which is extremely simple and effective, and requires no lap, is given 
full size in Fig. 651. It is mado of tough metal, of various sizes to suit different thicknesses of 
belting; «, a. Figs. 649, 650, shows how this fastener is applied. 

Various Modes of Driving Drums. — Fig. 652 represents the direct method, where the shafts 
of tho drums are parallel and in the same plane. A is the driving drum, revolving in the 
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Fig. 653 represents the crossed belt, which has the effect of making the drums rovolve in oppo- 
site directions. 

Figs. 654, 655, represent the fast atid loose pulley. 

The fork for shifting the belt from tho font to the loose pulley mast be placed at A, mar tho 
pulleys, and act on the following part of the belt. 

Fig. 656 is a case where the shafts are parallel, but the drums not in the same plane ; here it is 
necessary to lead the belt over guide-pulleys. 

Fig. 657 is a similar case, where the siiafts aro in the same plane, but not parallel. In Fig. 
658 the shafts are neither in the same plane, nor parallel ; yet in this case no guide-pulleys aro 
needl'd. Fig. 659 is a case where guido-pulleys are required. 

Fig. 660 represents the most general way of varying the velocity-ratio of two shafts. Tho pro- 
portion of the respective diameters of each pair of pulleys is such that the Bumof tho two is always 
constant, and, therefore, the same length of belt will do for all the speeds. 



Figs. 661, 662, is a mode of varying the speed whilst the machinery is in motion. Two conical 
drums are placed in a reversed way to each other, so that the sum of any two corresponding dia- 
meters is always a constant quantity. The belt is made to move laterally along the surface of 
the cones, by certain contrivances ; and thus a gradual increase or decrease of iq»ecd in the driven 
drum is brought about, on account of the constantly varying proportions of the two diameters, while 
the angular velocity of the driving drum remains constant. 

Tension-rollers . — In order that the natural tension of the belts shall remain constant, and not 


exceed, though equalling, the value calculated, it is requisite to use tension-rollers. 

% 2 T cos. a 

The weight q of these rollere is found by the approximate expression q = — - — 7 ^—, wherein 


o is half the obtuse angle A D B formed by tho two branches of tiro belt uj>on which the weight 
rests, and may be assumed a priori ; and 6 the Angle between the line A B and the horizontal line 
A C, Fig. 663. That is angle B A C = b. 

This formula is reduced to the following rule : — 

To calculate tho weight of a tension-roller, capable of 
producing its pressure upon the two branches of a belt, a 
given normal tension, as in Fig. 663. 

Multiply the given normal tension by twice the coaino of 
Half the obtuse angle formed by the two branches of tho belt, 
and divide the product by the cosine of tho angle formed by 
the common tangent of the two drums with the horizontal 
line A C. 



In fixing tho belt, care must be taken to give it such a length that, when in repose, it shall 
only have a minimum flexure, and then the tension T will very nearly equal the value assigned to 
it by our previous developments. 

Means must, of course, be reserved of increasing or diminishing at will the action of tho roller. 

If, owing to the particular arrangement of the drums, the tension-roller is not intended to act 
vertically, a suitable combination of levers may enable its action to be directed wheresoever it is 
necessary. The effort it exerts upon the belt perpendicularly to tho lino A B may then be calculated 
by tho above rule, in supixising the angle b to be nul and its cosine equal to one. 

The general arrangement of the belting of Nasmyth, Wilson, and Co.’s mechanical workshops 
at Patricroft, near Manchester, shown in Figs. 664, 665, deserves particular attention. 

Tho shop consists of two spans of 38 ft. ami 48 ft resjiectively, each having a length of 102 ft. 
It is lighted from the top by means of skylights, as indicated in Fig. 604. The smaller shop 
derives additional light from side- 1 windows, close to which a row of small lathes is placed. Tho 
shafting A, A, is driven from a pair of vertical engines, fitted with balaneod slide-valves, and 
having a pair of large pulleys fixed to their crank -shaft B, B, Fig. 665, in lieu of a fly-wheel. Tho 
straps from these pulleys are carried in opposite directions, so as to balance tho strains produced 
by them ; and one strap C, C, supplies power to the machinery of each span of the simp. Tho 
driving-shaft D, D, on the top of each span transmits power to two parallel lengths of shafting, 
one at each side of the two buildings ; and for these also the belts balance their strains upon the 
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driving-shaft by being placed symmetrically in opposite directions. The machines are placed in 
parallel rows lengthways at both sides of the buildings, so os to have a clear wide space throughout 
the entire length of the shop for internal locomotion. By placing the smaller lathes in double 
rows in close proximity, and with their back-gearing against each other, it has been possible to 
put an unusual number of these tools into a limited space, still allowing free access to each 
machine, and giving a clear space in the centre for a passage. The workmen stand face to face, 
having the machines between them, and there is sufficient room for all their operations. 

Each span is traversed by a travelling-crane E of suitable power. The cranes are capable of 
reaching every tool in the shop, and are worked by hand from below by means of endless cords/,/, 
passing round grooved pulleys attached to the gearing. The movements are in three directions; and, 
ny provision of double-winding drums for the lifting-chains, it is possible to reach the extreme ends 
of the Bhop on either side. To facilitate the passage of the travellers and their chains, it was found 
necessary to avoid the use of vertical columns for supporting the longitudinal timbers which carry 
the crano-raila, and another mode of construction was substituted. The crane-rails are supported 
on horizontal cast-iron brackets G,G, secured at one end to the side columns or wall-standards, and 
having their free ends suspended from the cross-beams of the roof, as shown at H, H, Fig. GG4. 
This mode of supporting tne travellers is found to answer well, and it forms an element of great 
convenience with regard to tho movement of heavy masses within the shop. The cast-iron brackets, 
at the same time, serve for the attaclunent of the hangers or bearings for the shafting, for which 
purpose wooden planks are fixed to them throughout the entire length of the shop in lines parallel 
to tne side walls. 

We append, with some slight alterations, an article on tho driving-belt, by Edward Sang. This 
article, taken from the ‘Practical Mechanic’s Journal' (1866), will render clear the methods of 
investigation employed by Prony and Poncelet. 

The first problem which presents itself when we consider the arrangement of the driving-belt, 
is to compute the length of the belt when the diameters of the wheels and the distance between 
their centres are known. If the machinery be in position, it is a very easy matter to measure tho 
length of tho required belt ; and this direct measurement is even to be preferred to calculation, 
because ultimately the stretch of the belt has to l>e suited to the desired strain by trials. Tho 
converse problem, “ Having given tho length of the belt, to compute the diameters of the wheels," 
is much more important, because the process of repeated trial would be both tedious and 
expensive. 

This converse problem arises when we have to design a set of speed- cones, which may, with 
one belt, give a variety of speeds. Tho solution of this converse problem is attended with consi- 
derable difficulty : it can only bo accomplished, for practical purjiosea, by help of that modification 
of the method or trial and error which consists in tabulating a regular series of computed results. 

In the ‘Edinburgh Philosophical Journal' for April, 1831, E. Bang gave a table for this 
purpose, which had hardly been printed when an obvious improvement suggested itself. He 
reconstructed tho table with this improvement, and thus describes tho manner in which it is to 
be used. 

In the first place, it is to be observed that there are three principal dimensions which have to be 
taken into consideration : these are the diametor of the wheel, the diameter of the pulley, and the 
distance between the centres. Now, it would be impossible to make a table of triple entry in 
which these three dimensions should enter as arguments, and the corresponding length of the belt 
as a result. 

It is necessary, for the sake of abridgment, to assume one of these ns constant ; and that one 
which answers best is the distance between the centres. In the subjoined table this distance is 
announced to be unit. 

In the second place, if P represent tho centre of tho pulley, 

W that of the wheel, and Q R 8 T the belt passing over them, 
the inclination of the free parts, Q R and 8 T, to tho line of 
centres depends only on the difference between the two dia- 
meters : so that if another pair were placed at the same centres, 
and having their diameters each 1 in., or any other quantity, 
more than those of the former pair, the inclination of the free 
ports of the band would be unchanged. 

Thirdly, if we describe a circle round the centre, W, with a 
radius equal to the difference between tho two radii, and draw 
from P the lines P U, P V to touch it, the entire line, P U X V P, 
is less than the length of tho band, Q R 8 T, by the circum- 
ference of the pulley. Hence for each difference between tho 
diameters, or for each inclination of the free part of the belt, 
there is a corresponding excess of the length of the belt above 
the circumference of the pulley, and also a corresponding 
excess of the same length of belt above tho circumference of 
the wheel. By attention to these matters we can make our 
table one of single entry. 

In the former table. Sang made the difference between the 
diamotcra the argument, and placed opposite to each difference 
tho corresponding excess of the belt above the two circum- 
ferences. This arrangement made it necessary to multiply and to divide by 3*1415926. By the 
arrangement of the present table these multiplications And divisions are avoided. 

If we compute the diameter of a wheel round which the belt would just go, and call the diameter 
of this wheel the belt-diameter ; then, for each inclination, the excesses of the belt-diameter above tho 
diameters of the wheel and pulley is determined. These excesses are entered in the table. Further- 
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more. Sang has raado the inclination of the free part of the band the primary argument. In this 
way the arrangement of the table is as follows : — 

Column 1 contains the inclinations of the free part of the belt to the line of centres, given for 
each half-degree of the centesimal system, that is, lor each multiple of 27' of the ordinary division; 
the values being given in ancient degrees and minutes, as well as in decimal parts of the right 
angle. 

Column 2 contains the corresponding differences, W — P, between W, the diameter of the wheel, 
and 1*, the diameter of the pulley ; the differences of these values are also given for the purpose of 
interpolation. 

Column 3 contains the corresponding excesses, B — P, of tho belt-diameter, B, above the dia- 
meter of the pulley, with tho dinerencos. 

Column 4 contains the values of tho excesses, B — W, of tho snmo belt-diameter above tho 
diameter of the wheel, also with their differences ; the whole being given in decimal parts of the 
distance between tho centres. 


Table or the Relative Dimensions or Belts and Pulleys. 
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1*89720 

491 


90421 

442 

*00701 

49 

72 

00 

•8000 

1*90211 

480 


90863 

432 

•00652 

48 

72 

27 

•8050 

1*90691 

468 


91295 

423 

*00004 

45 

72 

54 

•8100 

1*91159 

456 


91718 

413 

•00559 

43 

73 

21 

•8150 

1*91615 

444 


92131 

404 

•00516 

40 

73 

48 

•8200 

1*92059 

432 


92535 

394 

00476 

39 

74 

15 

•8250 

1*92491 

420 


62929 

384 

•00437 

36 

74 

42 

•8300 

1*92911 

409 


93313 

374 

•00401 

34 

75 

09 

•8350 

1*93320 

397 


93687 

364 

*00367 

32 

75 

36 

•8400 

1*93717 

884 


94051 

355 

•00335 

31 

76 

03 

•8450 

1*94101 

373 


94406 

344 

*00304 

28 

76 

30 

•8500 

1 94474 

361 


94750 

334 

•00276 

27 

76 

57 

•8550 

1*94835 

348 


95084 

324 

*00249 

24 

77 

34 

•8600 

1*95183 

837 


95408 

313 

*00225 

24 

77 

51 

•8650 

1*95520 

325 


95721 

303 

•00201 

21 

78 

18 

•8700 

1*95845 

312 


96024 

293 

•00180 

20 

78 

45 

*8750 

I -96157 

300 


96317 

282 

•00160 

18 

79 

12 

•8800 

1*96457 

289 


96599 

271 

•00142 

17 

79 

39 

•8850 

1*96746 

276 


96870 

261 

*00125 

16 

80 

06 

*8900 

1*97022 

264 


97131 

250 

•00109 

14 

80 

33 

*8950 

0*97286 

252 


97381 

239 

•00095 

13 

81 

00 

•9000 

1*97538 

239 


97620 

228 

*00082 

12 . 

81 

27 

*9050 

1*97777 

228 


97848 

217 

*00070 

10 

81 

54 

•9100 

1*98005 

215 


98065 

205 

•00060 

10 

82 

21 

•9150 

1-98220 

203 


98270 

195 

•00050 

8 

82 

48 

•9200 

1*98423 

191 


98465 

183 

•00042 

7 

83 

15 

•9250 

1-98614 

178 


98648 

172 

•00035 

7 

83 

42 

•9800 

1*9X792 

166 


98820 

161 

•00028 

5 

84 

09 

•9350 

1*98958 

154 


98981 

149 

•00023 

5 

84 

36 

•9400 

1*99112 

142 


99130 

138 

•00018 

4 

85 

03 

•9450 

1*99254 

129 


99208 

126 

•00014 

4 

85 

30 

•9500 

1*99383 

118 


99394 

114 

•00010 

s 

85 

57 

•9550 

1*99501 

104 


99508 

103 

*00007 

2 

86 

24 

•9600 

1-99605 

93 


99611 

90 

•00005 

1 

86 

51 

•9650 

1*99698 

80 


99701 

79 

•00004 

2 

87 

18 

■9700 

1*99778 

08 


99780 

67 

•00002 

1 

87 

45 

•9750 

1-99846 

05 


99847 

55 

•00001 

0 

88 

12 

•9800 

1*99901 

43 


W90*2 

43 

•ooooi 

1 

88 

39 

•9850 

1*99944 

31 


99945 

30 

•00000 

0 

89 

06 

•9900 

1*99975 

19 


99975 

19 

•ooooo 

0 

89 

33 

•9950 

1*99994 

6 


99994 

6 

*00000 

0 

90 

00 

1-0000 

2 00000 

•• 

2*00000 

•• 

•ooooo 



In order to make the nao of this table clear, we give an example : — 

Let the distance between the centres be 26 in., the first diameter on the wheel 27 in., the 
first on the pulley 3 '65, and the fourth on the pulley 7*80, it is required to compute the fourth 
diameter on the wheel. 

The first business is to reduce these dimensions to decimal parts of the distance between tho 
centres; this is done by dividing them all by 26; the results are W, = 1* 03846; P. = *14038; 
P 4 = *30000. From these we find W. — P, = *89808, and we have to seek, by help of the tAble, 
the corresponding value of B — P,. Now, the nearest number to the above *89808 which we find 
in the table is *89396, which corresponds to B — P = 1 * 14832; we have, therefore, to make a cor- 
rection by interpolating by means of the proportion 1402 : 910 : : 412 : 267 ; wherefore the value 
of B — P, comes out 1 * 15099, anti adding to this the value of Pj we have the belt-diameter 
B = 1*29137. (If it were worth while, we might convert this into inches, obtaining 33*5756 in. 
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for the diameter of the wheel round which the belt would just fit, and driving 105*48 in. for the 
length of the belt itself.) 

Subtracting the fourth pulley diameter, namely, *30000, from this, we find B — P 4 = *09137. 
Seeking in the proper column for this numlter, we find *08525, differing from what is Wanted 
l»y 612. The corresponding tabular value of W — P is *63205, which has to lx* corrected by 
interpolation, thus, 899 : 1488 :: 612 : 1013, giving the true value W. — P, = *64308: where- 
fore W, — *91308, or in inches 24*52, which is tlie dimension sought for. The calculation may 
bo arranged thus : — 


w, 

= 

1 *03846 

I* 

.. .. = 

•14038 

w, - P 

- 

*89808 

Table 


*89396 

Tabular Error 


412; 1402 : 910 :: 412 : 267 

Table 


1*14832 

Correction 

.. .. -f 

267 

d-p, 

_ 

1*15099 

P, 

= 

•14038 

B 

= 

1*29137 

P. 

.. = 

*30000 

B-P, 

— 

*99137 

Table 


*98525 

Error 


612 ; 899 : — 1488 :: 612 : 1013 

Tnble 


*63296 

Correction 

4* 

1013 

w, - P, 

_ 

*64308 

p 

.. .. = 

•30000 

W. 

.. .. = 

*94308 = 24*520 in. 


To this it may be necessary to add an example in which the diameter of the pulley is wanted 
J.et the distance between the centres be 27*5 in., the lesser diameter on the pulley 3*5, the 
greater diameter on the w'heel 27, and the lesser diameter on the wheel 24 ; and let us compute 
the corresponding greater diameter on the pulley. 

Dividing all by 27*5, we obtain P, = *12727, W, = *98182, W, = *87273; whence 


w, .. .. .. 

— 

•98182 


p 

= 

*12727 


W.-P,.. .. 

- 

•85455 


Table .. .. 


•85156 


Error 


299 ; 1419 : - 509 

: 299 : - 107 

Tabic .. .. 


*26917 


Correction 

- 

107 


B-W, .. .. 

- 

•26840 


w 

= 

•98182 


B .. .. 

- 

1-25022 


w, .. .. 

= 

•87273 


B-W, .. .. 


•37749 


T»ble .. .. 


•38257 


Error .. .. 

- 

508; —016 : 1507 

:: -508 : 1243 

Tablo 


•55798 


Correction .. 

+ 

1243 


W,-P, .. .. 

_ 

•57041 


W, .. .. 

= 

•87273 


p, .. .. 

- 

•30232 = 8*314 in. 



If a set of pulleys and wheels be suited to each other, so that one band may go round each pair, 
and if another set be made by augmenting all the diameters by one and the same quantity, then 
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tliis second set also will have the property of being suited to one hand. Hence, if a pair of driving 
cones be suited to a Wit of oue thickness, they will also suit a belt of any other thickness. 

When we have to do with wheels to lie driven by means of round bands, and in which the edges 
are grooved, it is convenient to make the calculations as for the diameters of the cylindnc surfaces 
A A, into which the grooves are to bo cut, and we must take care, after 
those cylindnc fillets are dressed, to cut all the grooves to one gauge. 

This being done, ami a band of any thickness being fitted to one jiair of 
grooves, the same bond w ill fit the remaining pairs. 

When the belts are to ho crossed, there is no trouble in computing 
the diameters; for if the sum of the two diameters be kept the same, the 
length of the belt remains unchanged. In order to compute the length 
of a crossed belt, wo have only to enter the column titled W — P with 
the sum of the diameters instead of their difference, and then the corre- 
sponding value in the column 1J — P is the belt diameter. Such a com- 
putation is very seldom needed, but merely for the sake of completeness 
an example is added. 

The distance between the centres being 30 in., and the diameters of 
the wheel ami pulley being 43 in. and 7 in. respectively, the length of the 
crossed belt is wanted. 

Here tho sum of the diameters is 50 in. : this divided by 30 gives W -f P = 1 *66667 : hence 


W + P 1-66667 

Table 1*66294 

Error 373 ; 867 : 705 : : 373 : 303 

Table 1*70483 

Correction -f- 5103 



B = 1*70786 = 51*230 in. 

whence the length of the crossed belt is 161 *05 in. 

When a belt is passed over the circumferences of two pulleys, so as to connect the motion of the 
one with that of the other, it seems ns if the velocities of these two circumferences ought to bo 
alike; and that difference which is observed whenever a belt is used for communicating determi- 
nate velocities, has been attributed to the slipping of the belt, or to that imaginary cause, tfu' 
impcrfectiun of machinery. The actions of machines, however, are governed by laws as exact and 
invariable as those which regulate the motions of the planets ; and what we call the imperfections 
of those actions are only evidences of our ignorance of, or our inattention to, those properties of 
matter from which they inevitably follow. These accommodations, as we may call them, are essen- 
tial to the comfortable action of machines, and bring within our reach the use of contrivance* 
which would otherwise demand unattainable perfection in workmanship. An investigation of the 
action of the driving-belt shows that its supposed imperfection is an accompaniment essential to 
this mode of propulsion, and govermd, like all other natural phenomena, by precise laws. 

To place the nature of the action in a clear light, let Fig. 668 represent a pair of wheels con- 
nected by a belt, A being the centre of the driving, B that of tho driven wheel, and CDEFGH 
the belt moving in the direction of the letters. 

The apparatus being brought to rest, and the tensions on the two open parts, C D and F G, of 
the belt being alike, let us attempt to put it in motion by applying pressure to the whoel A. The 
wheel B will not begin to move until A has first turned a little round, so as, by augmenting the 
tension on F G, and relaxing that on C D, to create a difference of tension sufficient to overcomo 
the resistance offered to the motion of the wheel B. But this difference of tension can only be 


669 . 669 . 



created by the adhesion of the belt G C H to the surface of the wheel A, and can only bo permitted 
to exist by the similar adhesion of D E F to the surfuce of the wheel B. And again, these frictions 
necessarily depend on the pressure which the belts exert upon the surface of each wheel ; so that 
the first branch of our inquiry must be into the law of the pressure of a belt against the curved 
surface to which it is applied. 

I^et then F G H C I), Fig. 669, represent a belt which, while kept to a uniform tension, has been 
partially wound on the circumference of the wheel A. Our busiuess is to discover the pressure 
which the belt exerts against each portion of the arc G C H. 
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Haring bisected tho arc of contact in H, assume a small element P p of tlie half H G ; the 
pressure on this minute portion of tho circumference of the wheel, necessarily directed to tho 
centre A, may be decomposed into two portion*, one parallel to and the other perpendicular to H A. 

That |»art which is perpendicular to H A is balanced by a similar pressure obtained from tho 
corresponding element of the arc HC, and so is eliminated; but that part which is parallel to 
H A is augmented by the analogous pressure on the other side, and the stun or integral of all such 
pressures must make up the resultant of the tensions of the two free ports of the belt. If we put 
r for the radius of the wheel, a for the angle II A I*, and da for the minute increment P A p (da is 
termed the differential of a very small angle, not d x a; this is the very clumsy notation of the 
differential calculus), also p for the pressure of the belt against a linear unit of the circumference, 
prda must represent tho pressure of the belt against the arc P />, of which the length is rda. 

This pressure, prda , acting in the direction PA, gives, when estimated in the direction HA, 
the value pr, cos. a, da. The integral of this for the angle a in pr «in. a, and therefore if A repre- 
sent the anglo HAG, 2 pr sin. A is the value of the whole pressure of the belt against the 
surface G H C, estimated in the direction H A. But if t be put for the uniform strain on the belt, 

2 * sin. A is tho value of the resultant of the two tensions U F and 0 D, wherefore pr - *, because 
2 pr sin. A = 2 s sin. A ; that is to say — 

The pressure of the belt against a portion of the circumference equal in length to the raditu is just 
equal to the strain on the belt. 

Or, as it may otherwise be stated. The pressure against a linear unit of the circumference is equal 
to the tension of the belt divided by the number of the linear units in the radius of curvature , since * 



Before proceeding to apply this principle to the investigation of friction, it is necessary to point 
out one or two important corollaries: — 

When a cord, supposed to lie of uniform tension, is wound round any object which is not cylin- 
dric, the pressure is greatest upon those jx&rts which are most salient, since the radius of curvature 
there is the least, and therefore the tendency is to bring the object nearer to the cyiindric form. 

Again, if a belt be passed over two wheels of different diameters, the pressure per linear inch 
is greater on the circumference of the smaller wheel, and hence the tear and wear l*oth of the belt 
and of the surface must be greater there: and since the parts of the smaller wheel come more fre- 
quently round to be acted on than do those of the larger, it follows that the abrasion on the lesser 
wheel is greater than that on the larger, roughly, in the inverse ratio of the squares of their 
diameters. This is in accordance with the fact, well known to turners, that the pulley-groove 
wears away many times faster than the groove in the fly-wheel. 

When a guide-pulley is used to deflect or to tighten a band, the pressure upon it is inversely 
proportional to the radius of the pulley; and the injury done to it must, on account of the greater 
flexure, be in a still higher ratio : hence the importance of liaving such pulleys made as large us 
circumstances will allow. It is to lx' remarked that the angle of deflection lias nothing to do with 
this action, which remains tho same however small or however great the arc of contact may be; 
the amount of deflection, however, lias to do with the friction on the axis of tho pulley, and cannot 
be overlooked in an estimate of the general working of the machinery. 

When the radius of curvature is very small, the injury done to the surface of the belt by what 
may be called a mere contact, becomes very great, being inversely as the radius of curvature and 
directly as the tension : hence the ease with which a tight cord is cut. The edge of the knife has 
its radius of curvature excessively small, and its penetrating power is enormous. 

In this investigation we have assumed the belt to l*e uniformly tense, and the surface to be 
uniformly curved throughout. To accommodate the result to those cases in which the tension and . 
the curvature arc variable, we must restrict the formula to an infinitesimal portion of the arc of con- 
tact. Thus, if a be the inclination of the normal to a fixed line, r the radius of curvature of the 
are, and therefore rda the length of an element of that arc, wc shall have prda - sda,m that 
the pressure of the belt against a small portion of the curved surface is proportional to its angular 
extent and to the tension of the belt, without reference to the radius of curvature. Supposing tho 
teusion to be alike, the pressure of the belt on one degree of the circumference of the pulley is just 
equal to its pressure on one degree of the circumference of the wheel. 

When the tension of the belt is not uniform, there must be a tendency to slip from those parts 
where the tension is small towards those where the tension is great, and this tendency can only bo 
counteracted by the friction on the 
intermediate surface. So long m 
this friction exceeds the difference 
between the two tensions there can 
be no change; but whenever the 
difference of tension exceeds tho 
friction on the intermediate are of 
contact tho belt must slip. Thus, 
if the belt at G, Fig. 670, be 
strained to a tension S, while at P 
the tension is only *, there can bo 
no slipping when the friction on 
tho intermediate are G P is greater 
than S — f ; and therefore, if the belt be actually slipping, or on the point of slipping, the friction 
on Q P must bo exactly equal to the difference between tho strains S and *. 

Experiment has shown that, for all practical purposes, friction may be regarded os bearing to 
the pressure a ratio constant for tho same materials, but varying from one material to another ; 
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And thin ratio, represented bv what is called the coefficient of friction, luui been determined for a 
great variety of substances. Let us put / for this coefficient, so that, p being the pressure, / p may 
be the corresponding friction. 

Take now P/>, a minute increment to the arc CP: the difference between the tensions at P 
and p, when the belt is slipping, must be equal to the friction on the intermediate nrc P». Now, 
although in strictness the tension augments from P to p, yet when P p is supposed to he infini- 
tesimally minute, we may neglect this variation, and assume that the pressure upon the arc Y p is 
a da, and that, therefore, the friction upon thut arc is fad a. In this way the increment of the 


tension from P to p becomes da = f ado, whence — = fda. 


It is well known that the quotient of the differential of a variable by the variable itself, is the 
differential of the hyperbolic logarithm of that variable; wherefore, passing from differentials to 
their integrals, we have fa = log. c s -f constant. 

If then A and a In* the inclinations of two normals to a fixed line, 8 and * the tensions of the 
belt at their extremities, we must have / A = log. 4 8 -j- constant, fa — log. s constant, and 
subtracting, in order to eliminate the intermediate constant introduced by the integration, we get 

/ (A - <i) = log, # . 

It thus appears that, when a belt is slipping, the difference between the logarithms of the ten- 
sion* at two point* i* proportional to the angular interval between those points, without any regard 
to the radius of curvature, and that, therefore, this law holds good of uncquably as well as of 
uniformly curved surfaces. 

If we measure off a series of equal angles, GAP, PAH, II A I, I A K. and so on, the logarithms 
of the tensions at the points G, P, H, I, K, and so on. must he in arithmetical progression, and the 
tensions themselves in continued proportion : this is also evident when we put the above equation 

under the form — = « /lA B> , in which s is the basis of the hyperbolic system of logarithms. 


In order to prepare the above formula for actual use, we convert the neperian into common 
logarithms by multiplying each side of the equation by M = *43429 44819, and so on, the modulus 

g 

of common logarithms, and obtain M / (A — a) = log. — • 


But here again the angles A and a are represented by arcs measured in parts of the radius, 
whereas it is customary to estimate them in degrees. Now, for half a turn A — a is * = 3*14159 
26536, wherefore for 1° of the ancient (or common) division the difference of logarithms must bo 


M f^Z, or for one degree of the modern division M f ~ — • Wherefore if a° be the number of 

1 oU 4\|y 

ancient, <f the number of centesimal degrees over which tho belt touches, 


log. -=/«°x 00757 98686 


= /o« x *00682 18818 

will give the ratio of the tensions at its two extremities when the belt is slipping. For half a turn 
the difference of the logarithms is f x 1*36437 63338; and thus, if the friction between the two 
surfaces were equal to the pressure, the ratio between the tensions of the two ends of a belt bent 
half round any cvl indroid would need to be 23 I before the belt would begin to slip. 

When we know the coefficient of friction and the angle of contact, we can compute, by the 
above formula, the ratio of the tensions ; conversely, if we have obtained the ratio of the tensions 
by experiment, we can compute the coefficient of friction ; or. lastly, having given the coefficient of 
friction, we can calculate tho angular extent which may cause a given ratio between the tensions. 

If, in the material used, the friction were one-fourth part of the pressure, and if a belt were 
thrown over a fixed pulley, as shown in Fig. 671, the logarithm of the ratio of the tensions would 
be 0 *3410941, and tho ratio itself would be 2*19328 ; 1 ; so that if a weight of 2*19 lbs. mi. 

were hung on at Q, a weight of 1 lb. at H would be sufficient to prevent it from falling, 
whereas it would take 4 * 81 lbs. at R to drew Q up. If the belt were thrown round so 
as to make the contact over three half-tarns, the ratio of the strains would be the cube 
of the preceding, or 10*5572, so that 1 lb. at R would prevent the fall of 10 lbs. at Q, 

Hence the advantage which a sailor obtains by casting a lino round a Bpar. With 
one turn he is able to resist a strain, aay, four times that which he can exert directly ; 
with another turn he squares the ratio and obtains an advantage of sixteen times; 
with a third turn an advantage of sixty-four times. In this way he is able to command 
the strain on the cable, so as by paying it out to stem gradually the motion of the ship. 

Hence also it is that one man pulling at the loos© end of a rope can prevent it from 
slipping on a windlass at which several men are working. 

Another example of the application of this law is as follows: — Having tied a weight to tho end 
of a string, let us givo the string a few turn* round the smooth axis of a fly-wheel, end then pull 
at the free end. If tho weight bo, soy, 1 lb., we may exert a strain of perhaps 60 lbs. without 
causing the cord to slip upon the axis : and by steadily continuing to pull, we put the fly-wheel in 
motion. Bnt when we cease to pull, the force which the fly-wheel has acquired carries it forwards 
so as to raise the weight and relieve the tension of that end of the cora by which we hold. As 
soon a* this tension is reduced to the sixtieth part of a pound, the cord slips, and, if we let back the 
string, the weight falls. In this way, by alternately pulling and letting down, we generate motion 
only in one direction, since the resistance downwards is but a small fraction of the pressure exerted 
upwards. 
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This rapid accumulation of resistance explains the actions of ties, splices, and knots of all 
kinds : the manner in which it takes place is, on that account, deserving of careful study. 

Having now considered the elementary principles on which the action of the driving-belt 
is founded, E. Sang proceeds to the proper subject of his essay. 

Let us suppose that, while a definite resistance is offered to the motion of the wheel B, the 
apparatus represented in Fig. G6H is actually turning, in consequence of a force communicated 
through the wheel A. The free part, O F, of the belt has been strained, and the part CD relaxed, 
until the difference between the two strains has become equal to the offered resistance. Thus at O 
the helt is lapped upon the driver in a distended state ; but it cannot remain in this state until it 
re^h ^ or we have seen that any difference in tension between two parts of the belt can only 
exist in consequence of the friction on the intermediate surface. If the angular distance CH 
corree|>ond to the ratio of the two tensions, the parts of the licit, as soon as they reach II, must 
begin to contract, and so fall behind the surface of the wheel in its onward progress ; and this con- 
traction must go on until each part arrive at C in that particular state of distension which is duo 
to the strain ou C D. 

The belt, in its now contracted state, is applied at D to the surface of the pulley B, and pro- 
ceeds along with that surface until it reaches.a point E, having the angular distance E B F equal to 
HAC; there it liegins to bo distended, and it reaches F in a state to exert the tension on F ft. 

Thus it appears that in the ordinary and perfect action of a belt there is necessarily a slipping 
over the surfaces of the wheel and of the pulley : a slipping which is evinced by the |K>li*h and 
tear and wear of those surfaces. The ordinary notion that the velocity of the wheel should be just 
that of the belt is thus seen to be altogether erroneous, and the idea of comm uuica ting a determi- 
nate velocity by menus of a belt to l»e quite a fallacy. 

If, on account of increased resistance to the motion of B, the ratio of the tensions on F G and 
CD be augmented, the extent of the arcs of slipping must increase also; and a* soon as the ratio 
becomes what is due to the arc D F, the belt will 1 m* drawn over the pulley without carrying it 
along, and then the belt sli|w in the ordinary acceptation. Now the angle of contact is greater on 
the larger wheel, and therefore we may be prepared to expect that the belt should slip on the 
pulley. With crossed belts the angles of contact are nearly alike on loth surfaces, and minor 
circumstances are then sufficient to determine on which of the two the slipping will happen. 
Hence it is useful to arrange the machinery so that the curvature of the Black part of the belt may 
augment the angle of contact; in general, it is best to have the upper free jiart slack. 

The remedy for the slipping is to augment the general tension of the belt either by increasing 
the distance between the centres or by shortening the belt; in some cases by using deflecting 
pulleys. These remedies would have l>ecn ineffectual if the angular distance C H had been pro- 
portional to the difference between the two tensions instead of to the difference between their 
logarithms; bnt as it is. when we augment equally both strains we diminish the ratio between 
them, and thus lessen the distance over which the slipping takes place, so as to bring it within 


In practice it is clearly advantageous to have the belt as slack as the nature of the work will 
permit, in order to have no avoidable strain and friction upon the axes. This arrangement is 
readily made by trial, and must, indeed, be repeatedly performed in consequence of the permanent 
elongation which takes place in new belts ; nevertheless, in order to leave no essential part of the 
theory untouched, we propose to compute the actnal quantity of belt which must he used to over- 
come a stated resistance. 

From the dimensions of the machinery we can easily ascertain the angle DBF, and from that, 
if the coefficient of friction be known, the utmost ratio that can ho allowed between the strains on 
the two free parts of the belt. The nature of the work to be done gives 11 s the difference between 
those strains, and thus, by the solution of a very easy equation, we can compute the strains them- 
selves. 

If d be the required difference, and if p he the ratio of the two strains, we must have 

B.je-,. * 

p — 1 p — 1 

where, according to what has been already shown, p = « /l Br> . 

Having now ascertained the values of the strains to which the two parts of the belt must 
be subjected, we can discover bow much belt must be mad by attending to the law of its exten- 
sion. Having suspended a piece of it by one end, and measured the distance between two marks 
made on it, we attach a known weight to the lower end, and measure the increased distance 
between the same marks. By this experiment we discover the law of distension of all belts of 
the same material. Let x be the extension of one unit in length when its own weight is hung on ; 
then if tc be the weight per foot of another belt of the some material, / its length when unstrained, 

and s the strain to which it is subjected, its length on being Btrained becomes / ^ 1 + — a J . 

For ordinary practice it is sufficient to suppose that the whole length of the belt is subjected to 
the average of the two strains, S and so that if Q be the quantity of belt, that is, the length 
measured when there is no tension, and L the true length of the line C D E FG H, 

2 tr L 




2» + x(S + i) 

When the material is not very extensile, the quantity of extension, or the distance which tho 
two ends should want of meeting before they are joined together, is given to a sufficient degree of 


precision by the formula, L — QsL 
is nearly proportional to the strain on the axes. 


, from which we see that the distension of the band 
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This computation is, however, only approximate. If we wish to obtain a true result we must 
look more narrowly into the conditions of the problem ; and although, for practical purposes, this 
be a mere refinement of exactitude, it is yet useful in leading to a just jH*rception of the principles 
involved. 

l/©t 0 be the distance between the centres. It and r the radii of the two wheels, and » the incli- 
nation of each free part of the belt to the straight line joining the centres : then in the case of the 
plain belt we have 

It — r = C sin. i, 

C D = a cos. i, 

DF = r(t-2i\ 

GC = R(* + 2i), 

so that tho entire length of the belt, taking no account of the deviation from straightness caused 
by its own weight, is L = 2 C coa. i + w (R -f- r) -f 2 i (K — r). 

The belt is in various states of tension at different places. From C to D there is tho uniform 
tension »; from D the tension gradually increases to F, where it becomes equal to 8; from F to G 
the tension remains constant, nor does it begin to change until w«* reach the jaunt A, so taken 
that the angular distance C A is equal to D F ; at that jx>int the tension begins to decrease, until 
it is reduced to 8 at the (joint C. These are the phases when the belt is plain and when tho 
larger wheel drives. 

Putting k for — , that is, for tho extensibility of tho actual belt, tho quantities on tho two 

tr 


free parts C D and F G are ^ and •' th® length of the arc G A is L, 4 R i, and since 

1 + *1 1 t < B 

the tension on it is 8, when the larger wheel drives, the quantity of belt is ^ ^ ^ ^ . 

There remain yet to Ik* computed the quantities of belt on the two arcs D F and A c, over 
which the tension is variable. Since these are similar arcs of different circles, and since tho grada- 
tion of strain is alike in both, tho quantities of belt on them must bo proportional to their radii, 
and so one investigation is enough. 

Let, then, 6 bo an are over which tho tension varies, and lot d 0 bo an clement of that arc, tho 

fg 

radius being unit ; then if a be tho strain at the beginning, s * is the strain at the end of tho 

fo — 1. 

arc, and the quantity of belt applied tod 0 iad 7 =ef 01 + A« j) 

The integral of this gives the quantity of belt on the whole arc * to be 


Q = • + v log.. 


1 +k» 


1 + kite 


j 9 . 


To adapt this general formula to our present case, we must put 6 = r - 2 1 , and observe that 

■, quantity 

of belt covering these two ares. Hence the length of the entire bolt in its unstretched state must, 
in order to give the requisite strain, lie 


then St'S* becomes the major strain 8, so that (B + r)|v-2i+ — log 


Q = (jTT> + TTIs) + FTTb + (R + r) (' 


■ 2 •' ~ J ]a g; 


and the amount of contraction when tho belt is taken off tbo wheels should be 


1 + *R\ 

1 + k,)' 


, „ ,/ ki k S \ . *8 j R + r, 1-MB 

L-Q = a co fc ,^_ + _j + 4.B rT j 5 + _ r log, 

When the smaller wheel leads tho larger, the tension on the arc G A is only and the above 
formula becomes 

i /M ./As , *8 \ , . D ** , 1 , D , , . l + *8 

L-Q> = a «ai^-^ + r5 - fl j + 4.R n - I; + 7 (B + r)log.. j^. 

And, when the belt is crossed, wo have n sin. T = R + r, and the angles of contact, w -f 2 »' 
each, the point, A, merging into G ; hence the entire length in that caso is 
L* = 2 a cos. i* + (R + r) (t + 2 O, 

and the amount of distension, L'- Q" s cos. i 1 ( ^ S ) + (R + r) - log. * - . 

\l + * * I t *8/ f * 1 « •}■ i 

If we develop the above values of the contraction in scries, according to the jjowcrs of A, mid 
omit the second and higher powers, which are always exceedingly sin al l fractions, we obtain tho 
approximations, 

L - Q = * {ocr*. i(8 + #) + 4R.S + - (R + C)(8- s)J 
L - Q' = * | a cos. i (8 + *) + 4 B > s + i (R + r) (S - «) J 

L'-Q"=i |acos..^(S + s) + 4R..+ i(B + r)(8-»)} 

The last term of each of these expressions dej>ends on S — *. that is, on the work to be done, 
while the first terms depend on the manner in which thAt work is accomplished. 
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Throughout the whole of these inquiries, the superiority of the crossed belt is Apparent. Thus, 
in plain belts the ratio of 8 to * is much less than in crossed belts, and therefore the general 
tension and consequent friction must be glcttOK. 

Having now exnmincd whnt may bo called the statical part of our subject, and ascertained the 
relation between the resistance to lx? overcome and the length of the belt, Hang proceeds to consider 
those phenomena which attend the continuous motion of the apparatus. 

It at once follows, from the continuity of the belt, that if the resistance remain unchanged, 
equal quantities must pass over with the circumference of both wheels. Now it is wrappwl upon 
the driving in a more distended stab; than upon the driven wheel, so that the linear velocity of tho 
latter must less than thut of the former. If B be the entire quantity of belt which has passed a 
given point, the distances traversed by the driving and driven wheels must have been B (1 -f k 8) and 
B(1 -f *») respectively. Now the force, or quantity of work done, is the product of the resistance 
by the distance passed over : so that the force given out by the driver must have been B (8 - *) 
(1 4- k 8), while that communicated to tho pulley has only been B (8 — s) (1 *f ha), lienee a belt 
does not transmit the whole of the force delivered to it. The origin and nature of this loss have 
not, so far os I am aware, ever been adverted to, and on this account I shall examine it the moro 
minutely. 

Subtracting the second expression from the first, and replacing for 1 its equivalent — , we have 


loss of force = B — (8 - »)*. 

w 

From this it appears tlxat tho loss of force is directly proportional to the extensibility of tho 
material of the belt, and inversely to the weight of a given length of it : and hence the advantage 
of using a material not easily stretched, and also, with a limitation to lie hereafter noticed, heavy 
rather than light bolts. 

% Again, if we have to create a given tension, we may, by augmenting the diameters of both 
wheels proportionally, reduce 8 - t ; for example, with double diameters we should have 8 — a 
halved, and its square quartered ; but then the belt would pass with double speed : so that, taking 
all into account, the loss of force would be halved, provided the strength of tho belt be not changed. 
Hence we have these maxims : — 

The loss of force is directly proportional to the specific extensibility of the material, inversely 
proportional to the weight of one foot of the bolt, and also inversely proportional to the diameters 
of the wheels when their ratio ami the work to be done are fixed. 

Tho only absorbent of this lost force is the friction of the belt upon the surfaces of the two 
wheels. In order to compute the amount of this friction, let a be the strain at any part of the aro 

over which the slipping takes place, and — the quantitative velocity of the belt, then — (1 -f k a) 


is the linear velocity of that part of tho belt, while — (1 -f k 8) is tho velocity of the surface of 
the wheel ; so that the rate of slipping must be — k (8 — a). Now the friction on an element of the 


arc is necessarily da, so that — *(S — a) da is tho rate at which force is absorbed by friction 

upon this element. Integrating from a = 8 to a = *, and extending the computation over tho 
whole time, the force lost by friction on the wheel is j B k (8 - »)*: that consumed by friction on 
the pulley is also 4 B k (8 — »)* ; and thus the total loss is B k (S — #)*, precisely what we found 
by comparing the velocities of the two wheels. Wo may observe here that the same result would 
have been found although any other law of friction or of extensibility had been assumed : and it 
is also worthy of notice that this force has been distributed equally between the two wheels, irre- 
spective of their diameters. 

The amount of force delivered to the driver is (8 — *) (1 + k s) B, but the whole of this is not 
communicated to tho free parts of the belt, a portion (S - i)JBt lieing previously absorbed by 
friction on the surface of the driver. The force received by the free parts of the belt, and by them 

transmitted to the pulley, is thus, B (8 - a) j 1 + k — J. Of this, again, a second portiou 

i B * (8 - s) is intercepted by the friction on the surface, and only B (8 — s) (1 + * *) communi- 
cated to the shaft of the pulley. 

In the above formula, for the force actually transmitted along the free ports of the belt, wc may 
observe that the last factor is, for all practical purposes, a constant quantity for a given belt when 
once put on ; for although the apparatus may encounter a variety of resistances, 8 — a, tho sum of 
the two tensions, 8 and s, hardly varies. 

Now the distances passed over by the circumferences of the two wheels are susreptible of easy 
measurement ; let us suppose that, in the time r, these distances have been found to be D and d; 
then we shall have D = B (I -f * 8) ; d = B (1 + * a) ; whence 


D-d 
: Bk 


;B ( 1+ ^) = ^ : 


so that the force transmitted through the free parts of the belt is 


D-d 

k 


D + d 
2B 


In perfect strictness this formula is only true if the teusions remain uniform during the whole 


time, for the last factor 


D + d 
2 B 


varies slightly with the resistance to lx* overcome. 


In practice, 
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however, this factor scarcely differs from — , and the error of substituting this latter for it is 

contained within very narrow and ascertainable limits ; hence we may assume, for all practical 
purposes, the formula 

Transmitted force = (D — d) , 

as giving the amount of force transmitted during the time over which the measurements extend. 


(1) ** (ft® L ip 

The entire loss of force in the same time is 2 — — — — , one-half being lost at each 

D -f d Q x 

surface. 

Knowing, then, the specific extensibility of the material which is denoted by x, and %c tho weight 
of a linear unit of the Delt used, we are prepared to register the amount of force actually trans- 
mitted by it. For this purpose, we bring the edges of two light pulleys to bear gently upon the 
two free jarta of tho belt, so as to register the distances through which they move, and then the 
differences between these distances is proportional to the transmitted force. 

Even although the 1 k>U l>e not quite uniform in thickness, this method of registration still 
answers, particularly if the values of x and w be determined by experiments made on the whole 
length of the actual belt. 

Hitherto we have reasoned as if the belt had no thicknc&s, as if the surfaces of the pulleys 
were truly cylindric, and as if the material were perfectly elastic. We hnve yet to take all these 
circumstances into account. 


For tho purpose of obviating the tendency which a flat belt has to run off the pulleys, the 
surfaces of these are made convex in the direction of the axis. At first thought it would appear 
tliat such a form would increase the tendency to run off, and that a grooved or hollow contour 
would rather be needed : but a little reflection clears the matter up. When a band of rope or of 0 
ox-gut is used, the wheels are made with deep grooves ; in these cases the roundnoss of the band 
allows it to roll, so to speak, down the declivity of the groove whenever the inaccurate position of 
the wheels has teuded to lead it out of its proper place. The spiral motion resulting from this 
action is familiar to turners. Since the pressure upon the sides of the groove is augmented in 
proportion to the cosecant of the linlf angle, the friction is augmented in the same proportion, 
and hence deep angular grooves givo a better hold to the band, and enable the lathe to run moro 
lightly than round-bottomed grooves do. 

But when a flat Wit is UBed, this rolling cannot take place, and the adhesion of the surfaces 
causes an action which may be best explained by help of a simple mechanical illustration. 

Having provided a slightly tapered cone A BCD, let a belt E F be attached to its surface in 
a direction perpendicular to the axis ; and then let the cone be turned gently round while tho 
tape EF. with a strain upon it, is obliged to pass 
through a fixed aperture at F. That side of tho belt 
which is toward the larger end of the cone is moro 
rnpidly taken up than the other side, and the belt, in 
consequence, gradually inclining from the perpendicular, 
runs up toward the thicker end of the cone until the 
obliquity of the strain directed to F causes it to slide. 

If the surfaces of tho wheels were truly cylindric, 
and exactly opposite to each other on parallel shafts, 
and if the belt were perfectly straight and uniform, 

there would bo no tendency to move to the one side or to the other. But belts, and especially 
those of leather, are liable to irregularities, and their joints arc with difficulty made straight, so 
that the two edges are not of equal length ; besides, we are unable to Arrange machinery with 
perfect accuracy ; hence arises a tendency of the belt to move aside : this tendency is corrected by 
the rounding of the peripheries. The effect of this rounding is easily seen. Whenever the belt 
has chanced to go to one side, that edge which ia nearer the middle of the pulley is taken up faster 
than the other edge, and so the belt is soon brought into its place again. It may be here observed 
that this very provision which keeps the belt in its place so long as the machinery is in proper 
action, tends to throw it off whenever the resistance becomes so great as to cause a slipping. The 
degree of rounding of tho rims depends on the character of the belts, and on the precision with 
which the machinery is erected ; it can, therefore, only be ascertained by experience. The rounding 
should be made as slight as is consistent with security, since, as wo shall see immediately, every 
deviation from the cylindric form is accompanied by a loan of force. 

In their progress round the wheels, the different parts of the belt are stretched and relaxed 
alternately. Now, if tho material wore perfectly elastic, the force expended on the distension 
would be reproduced on the contraction of the belt; but the imperfection of the elasticity prevents 
more than a portion of this force from being restored, and hence arises a loss, the character and 
amount of which we may attempt to examine. 

There do not exist any series of experiments on the phenomena of imperfect elasticity of snftl- 
rient extent or exactitude to make known tho law according to which force is loBt by it. Analogy 
and a few experiments have led to the belief that, within the limits of ordinary practice, the force 
reproduced l>earo to that which hail been expended in disturbing tho natural condition of the j>ar- 
ticlps a ratio constant for a given material ; but observations that wc have lately made have satisfied 
us that this law is far from being true, and that time has n great influence on the phenomena. For 
the present, it will lx* enough to observe that the loss of force will certainly be greater the greater 
the disturbance of the particles. 

Now, in changing from the state of teusion S to that of «, the amount of linear disturbance is 
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proportional inversely to the weight, te, of a given length of the belt, and therefore, in respect of 
this part of the action also, the lose of force is the leas the heavier the belt is made. So far as wo 
have yet aeon, it i* preferable to use heavy belt*. 

When bent round the circumference of a wheel, tho outer parts of the belt are distended, the 
inner parts relaxed ; and supposing the section of the belt to be rectangular, the amount of force 
expended in making these changes is proportional directly to the breadth, to the square of the 
thickness, and inversely to the diameter of the wheel. Hence if two Wits be of like strength, but 
the one broad and thin, the other narrow and thick, the amounts of force expended in bending 
them must be proportional directly to their thicknesses ; and hence the advantage of using broad 
thin belts. 

The practice of strengthening Wits by riveting on an additional layer must be exceedingly 
objectionable; indeed, it is difficult to see how any additional strength is gniued, for the outer 
layer must be tight when on tile wheel, and slack when free ; so that, in reality, the streugth of 
only one layer can be available ; the parts of tho compound belt are puckered and open alternately, 
as evinced by the crackling noise. The proper procedure is to increase the breadth of the belt. 

If, as must lie the case in all driving-belts, the rim of the wheel be rounded, tho loss of force by 
flexure is augmented; because the difference between the radii of the middle of the outer surface, 
and of the edge of the inner surface, is greater than if the rim had been cylindric ; and hence the 
importance of having tho rims as little rounded as possible. 

If the law of imperfect tdasticity were known, we could reduce tliese various looses to calcula- 
tion ; as it is, we can ouly take a limited and very unsatisfactory view of the subject. 

The following investigation was undertaken by J. 11. Francis, for the Merrimack Manufac- 
turing Company, of Mass., UA, for the purpose of determining the relative fitness of shafting and 
belting, of particular materials, for a cotton factory being erected by this company. 

In factories and workshops, power is usually taken off from the lines of shafting, at many points, 
by pulleys and belts, bv means of which the machinery is operated, as shown in Figs. (‘>64, 665. 
When the machines to be driven are below the shaft, there is a transverse strain on the shaft, duo 
to tho weight of the pulley and tension of the Wit, which is in addition to the transverse strain 
due to the weight of the shaft itself. Hometiinew the power is taken off horizontally on one side, in 
which case the tension of the bolt produces a horizontal transverse strain ; ami the weight of tho 
pulley acts with the weight of the shaft to produce a vertical transverse strain. Frequently tho 
machinery to W driven is placed above the fhior to which the shaft is hnng in the story below ; 
in this case the transverse strain produced by the tension of the belt is in the opposite direction to 
that produced by the weight of the pulley and shaft. Sometimes power is taken off iu all these 
directions from the part of a shaft between two adjacent bearings. To transmit the same power, 
the necessary tension of a Wit diminishes in proportion to its velocity ; consequently, with pulleys 
of the same diameter, the transverse strain will diminish in the same ratio as the velocity of the 
shaft increases. In cotton and woollen factories with wooden floors the bearings are usually hung 
on the beams, which are usually about eight feet apart ; and a minimum size of shafting is 
adopted for the different classes of machinery, which has Wen determined by experience as tho 
least that will withstand the transverse strain. This minimum is adopted indc|>emlently of tho 
size required to withstand the torsional strain due to the power transmitted ; if this requires a 
larger diameter than the minimum, tho larger diameter is, of course, adopted. In some of tho 
large cotton factories in this neighbourhood, in which the bearings ore about 8 ft. apart, a 
minimum diameter of 1J in. was formerly adopted for the lines of shafting driving looms. In 
some mills this is still retained, in others 2J, in. and 2A iu. have Wen substituted. In the samo 
mills tho minimum size of shafts driving spinning machinery is from 2$ to 2j^ in. In very long 
lines of small shafting fly-wheels are put on at intervals, to diminish the vibratory action due to 
the irregularities in the torsional strain. 

We can deduce from formula [1], which will W presently established, tho brrakituj pmcer, or, in 
other words, the power which, being transmitted by a shaft, will produce a torsional strain upon it 
equal to its total resistance to that force. 

Put p = the breaking power, in horse-powers of 33,000 font-pounds. 

N = the number of revolutions of the shaft per minute. 

2t HNW 

p ~ 12 x 33000' 

from which we deduce, 

12 x 33000/> 

= — jTn 

Substituting this value in [1], wc find, 

p = rsiim = 0 000003U5N '' ,T - m 




Substituting the values of T, adopted above for iron and steel, we havo 
For wrought iron, p — 0*1558 N </•*, 

„ steel, p - 0*2492 N<P, 

„ cast iron, p = 0*0935 Nd*. [11] 

A formula for the wrought-iron shafts of prime movers and other shafts of the same material, 
subject to the action of gears, which Francis adopted in numerous cases iu practice during the last 
twenty years, and found to give an ample margin of strength, is 

r* 


[ 12 ] 
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in which P = the power transmitted, and from which we deduce 

F = 0*MN<P. 

For simply transmitting power, the formula used is 


[13] 

[»] 


from which we deduce 1* = 0 • 02 N d* . [15] 

The following Table give* the power which can be safely carried by shaft* making 100 revolu- 
tion* per minute. The power which can be carried by the name shafts at any other velocity may 
be found by the following simple rule: — 

J Multiply the power given in the Table by the number of revolutions made by the shaft a minute ; 
divide the product by 100 ; the quotient will be the power which cam be safely carried . 


Horse- power which can be safely carried by Shafts Ilorac- power which can be safely transmitted by 
for Prime Movers and tirars, well supported by i| Shaft* making 1W» revolutions a minute, in which 
bearings, and making 100 re volutions a minute ; 1 1 the Transverse Strain, if any, need not be cun- 
if of | side red ; if of 


Inches. 

Wrought Iron, 
computed by 
Formula [13] 

Steel. 

computed by 
Formula [IS]. 

j Out Iron. 

1 computed by 
Formula [aoj. 

Wrought Iron, 
computed by 
| Formula [IS]. 

Steel, 

computed by 
Formula [is]. 

Cut Iron, 
computed by 
Formula [iij. 

100 

1*00 

1*60 

0*60 

2*00 

3*20 

1*20 

1-25 

1*95 

3*12 

1*17 

3*90 

6*24 

2*34 

1-50 

8*37 

5*30 

2*03 

6*74 

10*78 

4*06 

1-75 

5*30 

8*5 8 

3*22 

10*72 

17*16 

6*44 

200 

8*00 

12*80 

4*80 

16*00 

25*60 

9*60 

2*25 

11*39 

18 22 

0*83 

22*78 

36*44 

13*66 

2-50 

15*62 

24*99 

9*37 

31*24 

49*98 

18*74 

2-75 

20*80 

33*28 

12*48 

41*60 

66*56 

24*96 

300 

27 00 

43*20 

16*20 

54*00 

86*40 

32*40 

3*25 

34*33 

54*93 

20-60 

G8G6 

109*86 

41*20 

3-50 

42*87 

68*59 

25-72 

85*74 

137*18 

51 44 

3-75 

52*73 

84*37 

3164 

105*46 

168*74 

63*28 

4 00 

64*00 

102*40 

38*40 

128*00 

204-80 

76*80 

4*25 

76*77 

122*83 

46 06 

153*54 

245*66 

92*12 

4*50 

91*12 

145*79 

54*67 

182*24 

291*58 

109-34 

4*75 

107*17 

171*47 

64 30 

214*34 

342*94 

128*60 

5 00 

125*00 

200 00 

75-00 

250*00 

400*00 

150*00 

5-25 

144*70 

231*52 

86-82 

289*40 

463 * 04 

173 64 

5*50 

166*37 

266*19 

99-82 

332 74 

532-38 

199*64 

5*75 

190*11 

304*18 

11406 

380*22 

608*36 

228*12 

GOO 

216*00 

345*60 

129-00 

432*00 

691*20 

259-20 

G*25 

244*14 

390*62 

146*49 

488*28 

781*24 

292*98 

6*50 

274*62 

439*39 

164*78 

549 24 

878-78 

329-56 

675 

307*55 

492 08 

184*53 

615*10 

984-16 

369*06 

7*00 

313*00 

548*80 

205*80 

686*00 

1097*60 

411*80 

7*25 

381*03 

609*73 

228*05 

762*16 

1219*46 

457 *30 

7*50 

421*87 

674*99 

253*13 

843*74 

1349-98 

506*26 

7*75 

465*48 

744*77 

279*29 

930*96 

1489-54 

558*58 

8*00 

512*00 

819*20 

307*20 

1024*00 

1638*40 

614*40 

8*25 

561*52 

898-43 

336-91 

1123*04 

1796*86 

673*82 

H-50 

614*12 

982*59 

368-47 

1228*24 

1965*18 

736*94 

8*75 

669*92 

1071*87 

401-95 

1339*84 

2143*74 

803*90 

9*00 

729 00 

1166*40 

437*40 

1458*00 

2332*80 

874*80 

9*25 

791*45 

1266*32 

474-87 

1582*90 

2532*64 

949*74 

9*50 

857 * 37 

1371*79 

614 43 

1714*74 

2743*58 

1028*86 

9*75 

926*86 

1482*98 

556 12 

1853*72 

2965*96 

1112*24 

10*00 

1000*00 

1600*00 

600*00 

2000*00 

3200*00 

1200*00, 


Comparing formula [9] with [12] and [13], and al*o with [14} and [15], it will be seen that 
the formula* [12] and [18], used for shafts for prime mover*, give a strength 15 58 time* the 
breaking power; and the formula* [14] and [15], for shafts simply transmitting power, give a 
strength 7 * 79 time* the breaking power. 

In applying the rule* for the strength of materials to construction* in which there i* no move- 
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ment, it is usual to make the compute*! strength from three to five times the breaking strain. 
Bodies in rapid motion, however, usually require a greater margin of strength, in order to provide 
for the tendency to vibration. In cases where shafting for simply transmitting power is very 
accurately finished, and firmly supported by bearings at short intervals, an excess of strength two- 
thirds of that given by formulas [14], [19], and [231 will undoubtedly suffice. In ordinary cases, 
however, the strength given by these formulas should be adopted. 

It must be understood that the shafts to which formulas [12] and [13] are applied, are sup- 
ported by bearings sufficiently near to each other to guard against the transverse strain caused by 
the prime mover or gear. 

To find formulas for steel shafts of the same strength ns those for wrought iron, we have for 
prime movers p = 15 ‘58 P ; substituting this value of p in [10], we have 



P = 0016NJ 3 , 

[10] 

from which we deduce 

N 

[17] 

Similarly, we find for steel shafts for simply transmitting power, 

P = 0*032 N d*, 

[18] 


and i.V™. 

[19] 

Similarly, for cost iron, we find for prime movers, 

P = 0*000 N</», 

d= j/lGrr 
N 

[20] 

[21] 

For simply transmitting power, 

P = 0012N<P, 

[22] 



[23] 


Comparing formulas [14] and [19], it will be seen that the diameters of shafts of wrought iron 
and steel to transmit the same power are in the ratio of the cube mot of 50 to the cube mot of 
31 '25, or as 1 to 0*855. The weights of the shafts will be as the square* of the diameters, or as 1 
to 0*731. The power required to overcome the friction of the shafts in their bearings, assuming 
that the coefficient of friction is the same for wrought iron and steel, will be as the products of tho 
weights into the velocities of the rubbing surfaces. The number of revolutions in a given time 
being the same in both, the velocities of the rubbing surfaces will be as the diameters, and tho 
weights will be as the squares of the diameters: the power required to overcome the friction will 
therefore be as the cubes of tho diameters, or as 1 to 0*625. That is to say, the power which must 
be expended to overcome the friction of a steel shaft is five-eighths of that required to overcomo 
the friction of a wrought-iron shaft of equal strength. 

Tho superiority of steel to resist transversal strain ia much leas than to resist torsional strain. 
The relative diameters of wrought-iron and steel shafts, to resist equal transverse strains, exclu- 
sive of their own weights, ore inversely as the fourth roots of the respective values of E, or as 

(^-—4—^ ^ to ( -■ - 4 - ■ ) 4 or as 1 to 0*98. That is to sav, steel shafts, to offer the same 
y 3500000/ V 3800000 / ’ 

resistance to external transverse strains, may be 2 per cent, less in diameter than wrought-iron 
shafts. The weights of such steel shafts will be about 4 per cent, less than the weights of 
WTought-iron shafts of equal stiffness ; and the power required to overcome the friction of the 
bearings will be about 6 per cent. less. 

The constant expressing the resistance of cylindrical bars to torsion, is deduced from Navier’s 
formula (see * Resume dcs Lemons sur l’Application de la Hccanique ’), 


16 WR 
“ rd> * 


CO 


in which, 

T = a constant for the same material. 

W = the weight, in pounds, which, if applied at tho distance R, in inches, from the axis, 
will just fracture the bar. 

x as the ratio of the circumference of a circle to its diameter. 

d = the diameter, in inches, of the bar at the place of fracture. 

The bars subjected to torsion were finished in the form of the following diagram ; the ends 
being 2 in. square, and the middle turned down to a diameter of J in n in order to insure tho 
fracture taking place in that part of tho 613 . 

bar. 

The weight producing the torsion 
was applied at the end of a lever, of the 
effective length of 35*975 in., fitted to 
the square boss at one end of the bar. 

The tendency of the bar to revolve under the action of tho weight, was controlled by a worm-wheel 
about 15 in. in diameter and 138 teeth, fitted to the square boss at the other end of the bar. This 
wheel could be moved through any arc by means of a worm. As the bar became twisted by the 
torsional strain, the worm-wheel was moved through an arc sufficient to bring the lever to an 
horizontal position. 
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A praduntod circle on one face of the worm-wheel furnished the means of measuring the arc of 
torsion. 

The effective weight of tho lover and scale at 35*975 in. from the axis, where the arale was 
hung on a knife-edge, wns 48*5 lbs., and was the least effective weight which could be applied to 
produce torsion. 

Experiments on Torsion. 



SI run 

I Jtameter 

Arc of 

l Weight 

Mean 



of the 

Torsion 

Temp**- 


Description of tbo Bar. 

; mluoed 
1 purt of 
the Bur, 

Just 

b-fore 

Fracture., 

Fracture, 
in pound*. 

rat u re 
of the 
Air. 

Value of T. 


1 in inebeu. 





English reflmd wrought iron, from a bar 2 in. ini 
diameter, marked A, 13 J 

0*750 

416*8 

113-17 

58*8 

49,148 

Same, marked 13 

0*750 

596*0 j 

125-63 

66*0 

54.585 

Wrought iron, from the Pembroke Iron Works, Maine,! 

marked 14 / 

Decarbonized steel, from the Farist Steel Compnnr, 

0*753 

1 

641*3 j 

143-72 

62*3 , 

| 61,673 

Windsor Dicks, Conn., from a bar 2 in. square, 
marked B,6 

0-752 , 

! 

390*5 

192*48 

70*2 

82,926 

Spindle steel, from tho same, from a bar 2 in. square, 
market! A, 5 j 

0*750 

284*3 j 

235*17 

68*3 

102,131 

Steel, from the Nashua Iron Company, Nashua, N.H.,1 
from a bar 2 in. squAre, marked 2 / 

0-751 : 

611*3 j 

198*73 ' 

05-5 

85,961 

Same, marked </, 2 

1 0*752 

557*0 

203*23 

63 7 

87.557 

Steel, from same, from 1J in. octagonal bar, marked 4 

1 0*752 

475*0 

221*0 j 

67*5 

95,213 

Same, marked 3 *. 

1 0*751 

508*3 

217*25 

61*2 

93.972 

Steel, from the works of Hussey, Wells, and Co.,1 
Pittsburgh, from a bar 2 in. square, marked E, 1 . . / 

0*751 

308*0 

202*66 | 

63*6 

87,661 

Same, mark id 1 

Bessemer steel, from the works of Messrs. Winslow! 

0*748 

297*3 

190-50 

68*0 

86,023 

and Griswold, Troy, New York, from a bar 2 in. > 
square, marked 16 ) 

0*748 

215*5 | 

181*97 

1 

66*0 

79,662 

Same, marked 16 x 

j 0-7-18 

268*5 

174-50 

67*0 

76,392 


Experiments on Deflection. 



Diameter of 


Mean 


Description of the Bar. 

; Bur «L the 
middle, in 

Deflection, 
in inches. 

Tempera- 

Value of R. 


Incite*. 


tbc Air. 


Spindle steel, from the Farist Steel Company. Wind- 



o 


sor i/ocks, Conn., from a bar 1^ in. in diameter, 
mark'd A, 7 

0*995 

0*2330 

48*0 

3,858.390 

Same, marked Ax7 

Decarbonized steel, extra, from the Farist Steed 

0-977 

0*2315 

53*8 

3,847,530 

Company, from a bar 1^ in. in diameter, marked 
A A x 

0-993 

0*2310 

53*0 

8,918,360 

Same, marked A A 8 

0*995 

0-2327 

53*7 

3,858,557 

Decarbonized steel, from the Farist Steel Company,! 
from a bar 1 Af in. in diameter, marktd 0 x B . . 1 

0-992 

0*2830 

54*2 

3,1*00,420 

Same, marktd 9 B 

0*995 

0-2307 

53-3 

3,892,008 

Steel, from the works of Hussey, Wells, and Go., Pitts-! 
burgh, from a l»or 1 in. in diameter, marked 15 J 

0*998 

0*2837 

52-2 

3,796.000 

Same, marked 15 x 

Bessemer steel, from the works of Means. Winslow 

0-996 

0*2337 

49*8 

3,826,641 

anil Griswold, Troy, New York, from a liar 1 T ^ in. 

1000 

0-2330 

49*4 

3,777,01*5 

Same, marked 17 * 

1*000 

0-2315 

52*0 

3,801.506 


The experiments on deflection were made on round liars turned to a diameter of about 1 in. 
The distance between the points of support was 4S in. Observations were made of the deflections 
produced by a weight of 150 lbs. su*]s>nd<d at the middle point between the supports. This 
weight was not suffieient to muse any sensible set in the bar after the weight was removed : and 
no sensible increase in the deflection whs produced by allowing the weight to remain susiwudud on 
the bar for severnl days. 

Tbo constant E for deflection has been computed by Xavier’s formula. 


f‘\V 
6 w E 


[ 2 ] 
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in which 

/ = the distance between the points of sup|iort, in inches. 

W= the weight at the middle point between the supports, in pounds. 

r = the ratio of the circumference of a circle to its diameter. 

d = the diameter of the bar. in inches. 

a = the deflection at the middle point between the supports, in inches. 

Several sjiecimcns of the steel have been tested for tensile strength, at the works of the South 
Boston Iron C<»ni|iaiiy. by F. Alger, in the apparatus designed by Major W. Wade, for testing 
metals for cannon, a description of which mny be found in ‘ Reports of Experiments on the 
Strength and other Properties of Metals for Cannon,* published in 1854, by authority of the 
Secretary of War, U.S. 


Experiments on Tensile Strength. 



Irtaroeter at 

1 Weight 

TbmHs 


Description of the Specimen. 

1 tbs place 
of Fractal*, 

producing 
Fracture, in 

Strength a 
rqunre Inch, 

Specific 

Gravity. 


! In Incben. 

pound*. 

lu pound*. 


Spindle steel, from the Forint Steel Company,! 
Windsor Ixtcks, Conn., marked A 10 A 1 .. .. / 

0*597 

40,800 

H5.7H 

78401 

Same, marked A 10 A 2 

0-598 

35). 500 

140,639 

7-8287 

Decarbonized steel, from the same, marked B 11 1 
B 1 / 

0*596 

34,500 j 

123,062 

7 8583 

Some, marked B 1 1 B 2 

0-597 

35,200 

125,750 

7-8514 

Decarl Mniized steel, extra, from the same, marked 1 
A A x 1 ) 

O-fcOO 

30,500 

107,862 ; 

7-8417 

Same, marked A A x 2 

0-600 

30,900 

109,271 

7-8579 

Same, marked A A x ; ends upset in order to form! 

o-coo 

30,800 

108,901 

7-8484 

the specimen / 


Same as next preceding specimen, marked A A x 2 

0*600 

29,700 

105.0.73 

7*8534 

Steel, from the works of Huasey, Wells, ami Co.,k 
Pittsburgh, marked c 12, 1 / 

0*594 

40,400 

145, 790 

7-8530 

Same, marked c 12, 2 

0-594 

40.200 

145,070 

7-8496 


From the many experiments on the fracture of iron and steel by torsion, Francis deduced the 
following values of T ; using the alx>vc formula for cylindrical bare, and Xavier’s formula, 


T = 


3 J 2 W R 
1 ? ’ 


C»] 


for square bare, in which b = the side of the square in inches, and W and R the weight in pounds, 
producing fracture, and the distance from the axis in inches at which it is applied. 


Experiment* by Rennie, given in the * Philosophical Transaction* of the Royal Society for 1818.’ 


Bar of English wrought iron, 0‘25 in. square T = 65,982 

„ Swedish wrought iron, 0 ■ 25 in. square T= 61,909 

„ shear steel, 0‘ 25 in. square .. .. T= 111,191 

Average of 3 bare of iron cast horizontally, 0 • 25 in. square . . T = 64 , 776 


Experiment* given in the Fifth Edition of * HasvrelVs Engineers * and Mechanic^ Pocket-Book.' 
Bar of Ulster Iron Company’s wrought iron, 1 in. diameter ., T s 87,090 
„ Swedish wrought iron, 1 in. diameter T = 93,965 


Experiment* made at the Royal Gun Factories, Woolwich , England , on many Varieties of Cast Iron, 
i Parliamentary Jhcument, July 30, 1858. 

Experiments are given on fifty-one varieties of British cast iron, besides several varieties from 
other countries. Francis selected the experiments on four varieties of British iron, namely, the 
strongest, two of medium strength, and the weakest; each result being deduced from a mean of 
several experiments on bare about 1 '8 in. in diameter. 


From West Hallam Iron Works, Ilkeston T = 38,217 

„ Netherton Iron Works Ts 84*490 

n Butterley ,, T = 33,949 

„ Haematite Iron Company T = 22,132 


Experiments made at the Fort Pitt Foundry , tit 1846, on bar* of different forms and dimensions, of 
Comnum Foundry Iron, given in ‘ Reports of Experiments ,* <$c., above cited. 


Bar about 1 in. square T = 36,846 

„ 1*415 in. square T = 34,443 

„ about 1 ’ 749 in. square T = 42,821 

„ 1*135 in. in diameter .. T = 37,445 

„ 1*595 „ „ T = 42,047 

„ 1*955 „ „ T = 38,851 
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Experiment* made at the West Point Foundry , in 1851, on Greenwood Iron of different grades , mixtures t 
and fusions, given in 4 Reports of Experiments' above cited . 

Mean deduced from eighteen experiments on bars about 

1 *9 in. diameter T = 44,957 

The value of E, for wrought iron, we have previously deduced 
from English experiments, and tested by a single experi- 
ment on a shaft 2 in. in diameter and about 180 in. between 
bearings. From these experiments we find E = 3,492,539 

There being such great irregularities in the values of T, it will not be safe, in practice, to take 
a mean value, but one near the lowest value. 

The values for wrought iron vary from 49,148 to 93,965. 

For safety, we take for wrought iron .. .. T = 50,000 

The values for steel vary from 76,392 to 111,191. For safety, 

we take for steel T =s 80,000 

The values for cast iron vary from 22,132 to 64,776. For 

safety, we take for cast iron T = 30,000 

We also take for wrought iron .. E = 3,500,000 

And for untempered steel .. .. E = 3,800,000 

Shafts for transmitting power are subject to two forces, namely, transverse strain and torsion. 
In shafts of wrought iron or steel, in which the bearings are not very near to each other, a trans- 
verse strain, too small to cause fracture, will produce sensible deflection ; if this is too great, it 
will produce sensible irregularities in the motion, and tend towards the rapid destruction of the 
shaft and its bearings. This limits the distance between the bearings, as the weight of tho shaft 
itself will produce an inadmissible amount of deflection whenever this distance exceeds a certain 
amount, which varies with the material and diameter of the shaft. 

The deflection of a cylindrical shaft from its own weight, supported at each end, hut discon- 
nected from other shafts, is given by the formula [41 which is deduced from Xavier's formula for 
the deflection of a cylindrical bar. Bee * Journal of the Franklin Institute’ for February, 1862. 

» = 0 007318 . [4] 

If the Beveral parts are so connected as to be equivalent to one continuous shaft, it will corre- 
spond to the case of a beam fixed at both ends, for which case Barlow gives 8 equal to two-thirds 
of its value in the case of a beam supported at both ends, given by formula [4J. Xavier, taking 
into account the effect of the deflection in the adjacent divisions, finds 8 equal to one-fourth of its 
value by formula [4], In order to decide which of these authorities to follow, Francis appealed to 
experiment. 

Experiment 1.— A bar of wrought iron purchased as “English refined,” 12 ft. 2} in. long, 
0*367 in. deep, 1*535 in. wide, was supported at four equidistant points, 4 ft. apart.. When loaded 
at the middle points of each division with 52 lbs., the deflection in the middle division was 
(>•069 in., and the mean deflection in the other two divisions was 0*371 in. The weight on the 
middle division was then increased until the deflection was alike, namely, 0*281 in. in each 
division; the weight being 82*84 lbs. in tho middle division, and 52*00 lbe. in each of the other 
divisions. Four feet was then cut off of each end of the bar, when tho deflection, with 82*84 lbs. 
on the middle division, was 1 * 102 in. 

Experiment 2. — A bar of iron of the samo quality and length as in Experiment 1, 0*551 in. 
square, was laid on tho same supports. When loaded at the middle points of each division with 
52 lbe., the deflection in the middle division was 0 058 in., and the mean deflection in the other two 
divisions was 0*314 in. The weight on the middle division was then increased until the deflection 
was 0*241 in. in each division; the weight Wing 82*84 lbs. in the middle division, and 52*00 lbs. 
in each of the other divisions. 4 ft. was then cut off of each end of the l*r, when the deflection, 
with 82*84 lbs. on the middle division, was 0*984 in. 

In the case in which the deflections were alike in the three divisions, the middle division cor- 
responds to the case of a continuous shaft supported by numerous equidistant bearings ; and tho 
case where the bar was reduced in length, corresponds to that in formula [4]. Comparing tho 
deflections in the two cases in the above experiments, we find by Experiment 1 that the ratio of 
the deflection of the shaft, simply supported at each end, to that of the continuous shaft, is as 1 to 
0*255. In Experiment 2, the corresponding ratio is as 1 to 0*245; tho mean of the two experi- 
ments giving a ratio of 1 to 0*25, which agrees with Navier, and we must adopt for the deflection 
of a continuous shaft, from its own weight, the formula 

t = } x 0-007318 . [5] 

These experiments indicate the effect of connecting tho chords of truss-bridges over tho 
piers. Assuming that in a bridge of not less than three ctjunl span.*, the top and bottom chonls 
nave equal resisting powers, and the whole length of the bridge is uniformly loaded, if the chords 
are continuous throughout the whole length of the bridge, the deflection of any sjwin, except tho 
end spans, will be one quarter of the amount that it would be if the chords were disconnected at 
the piers. 

The greatest admissible value of 8 in proportion to the length must be determined by expe- 
rience. Tredgold assumes that, for cast iron, it might be 0 01 in. for each foot in length, or 
rfaf part of the length, whatever may be the diameter ; but the transverse strain to produce this 
deflection is a greater fraction of the transverse strain that will prewince fracture in a large shaft 


Digitized by Google 



BELTING. 


335 


than in a small one. The maximum strains of extension and compression in a shaft, for the same 
deflection, are in proportion to the diameter, while the deflection itself, fmra the weight of the shaft, 
is inversely as the square of the diameter ; consequently, the deflection, to produce the some 
maximum strains, must be inversely as the diameter. 

Adopting this principle, and tin* assumption that a Bhaft of wrought iron or tintempered steel 
2 in. in diameter may deflect from its own weight 0 01 in. a foot in length between the bearings, 
we may determine the greatest admissible distances between the bearings of shafts of other 
diameters, as follows : — 

The greatest admissible deflection for any diameter d, is 


8 = 


21 

12U0 d 


0-00107 7. 
d 


[«] 


Substituting this value of 0 in [5] and reducing, we have 

l = 4/0-9128 t/E. [7] 


Table or the Greatest Admissible Distances between TnE Bearings or Contintoc® 

8HAPT8, SUBJECT TO NO TRANSVERSE STRAIN EXCEPT PROM THEIR OWN WEIGHT®; COMPETED 

bt Formula [7]. 


Diameter 
of Shaft, 
in Incbe*. 

IHstancc between Bearings, 
In fr* t. 

Diameter 
of Shaft. 
In Inches. 

Distance between Bearing, 
in feel. 

If of Wrought 
Iron 

If of Steel 

If of Wrought 
Iron. 

If of Steel. 

* 

12-27 

12-61 

7 

23-48 

24 13 

2 

15-46 

15-89 

8 

24-55 

25-23 

3 

17-70 

18*19 

9 

25-53 

26-24 

4 

10-48 1 

20 02 

10 

26-44 

27*18 

5 

20-99 1 

21-57 

11 

Z7-30 

28-05 

6 

22-aO i 

22*92 

12 

2810 

28-88 


In practice, long shafts are scarcely ever entirely free from transverse strains. However, in the 
parts of long lines which have no pulleys or gears, with the couplings near the bearings, the interval 
between the bearings may approach the distances given in the table. Near the extremities of a 
line, the distances between the bearing® should lie less than those given in the table. The last 
space should not exceed 60 per cent, of the distance there given, tho deflection in that space being 
much greater than in other parts of the line. In sliafts moving with high velocities, it will usually 
be necessary to shorten the distances between the bearings, as given in the table, in order to obtain 
sufficient bearing-surface to prevent heating. 

BELTING, Chain. Fr., Grinture de chnine ; Ger., Ketterueii. 

CUttokTs chain belting. Figs. 674, 675, C76, 677. This belting is composed of iron links of a 
peculiar shape, an enlarged cross-sectiou of which is shown iu Fig. 677. The links are coupled by 



pins, as shown in Figs. 674, 675, 676; each alternate is formed with sockets, in which pieces of hard 
wood, bevelled nt the ends to fit the pulleys, are inserted. It may be observed from the detached 
section. Fig. 677, that the shape of the groove In the pulleys is such that the belt is clipped 
between the sides, atid a firm hold is obtained. Chain-belts of this kind have now been in use for 
several years, some of them running at a speed of 1700 ft. a minute ; they have been found durable, 
whilst they work smoothly and without slip. 
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John Fielden’s cost link -chain is shown in Figs. C78, 679. This cliain shows that John Fielden 
has much ingenuity ; it is the only faultless cast link-chain which has fallen under our notice. 

The chain- wheel round which the cliain. Figs, 078, 079, may be moved, is given in plan and 
section, Fig. 682. It has been found that the chain works best when there is a flat web passing 
from tooth to tooth, as shown 
in the plan, Fig. 682. Many 
of these chains, made of malle- 
able cast iron, are successful ! y 
used in the woollen - mills of 
Lancashire and Yorkshire. 

The Fielden chain, made 
of cast brass, is much in use in 
dye-w’orks. One of the chief 
peculiarities of this chain is, 
that it cannot come uncoupled, 
no rpatter whether the chain 
be slack or tight when at 
work; and yet, a workman 
once shown how, may uncouple 
or recouple it in a very short 
time. 

The chain If easily coupled 
together by commencing at one 
end, and keeping all the links 
with lip in one direction when 
on the plates, os shown in 
Figs. 678, 679. 

For tho method of uncoup- 
ling, sec Figs. 680, 681. 

Set the links 2 and the 
links 5 at right angles to the 
plates 3 and 6, Place the ends 
of plates 3 and 6 together, as 
shown in Fig. 680. ]t will now 
be found that the lip of links 4 
can be pushed forward into the 
hollow side of links 5. 

The links -1 will then open 
over tbefliii of plate 6, so that 
plate 3 mnv be removed away. 

See Fig. 681, 

The links 4 may now he 
put back into their resjiectiv© 
places upon plate 6, then 
turned round and be easily re- 
moved from plate 6. 

BENCH. Fr., fftahii ; Ger_, JfcMbank; Ital., Banco da falcgname ; Span., Banco. 

A bench is a table on which carpenters, joiners, and others prepare their work. It is usually 
from 10 ft. to 14 ft. long, 2 ft. 3 in. wide, and 2 ft, 8 in. high. 

The carpenter’s bench is fornuhed with a screw-board A, Fig. 683, which bolds the liench- 
vico B and the bcnch-pin C. The rice consists of a cheek, having a screw E working into a nut 





fixed at the back of the screw-board, and a guide F. The bench-pin C is made to fit tightly into 
holm placed at different elevations in the screw-board, its use being to assist tbe bench-vice in 
retaining the board whoee edges are about to be planed, or, as it is technically termed, shot. 

On tne top of the bench is the bench-stop O, which is a piece of iron made with teeth to catch 
in the end of the piece of wood to be worked, and prevent it from being pushed forward by tho force 
of the plane. 

Bench-kook , — A movable pin, passing through a mortice in the top of the bench, for preventing 
the stuff from sliding while Doing wrought by the plane. 

BENCH-MARKS. Fa., Bepcre; Go., Merkzeichen; Ital., F'unto di paragon*; Sr an., Cotas ds 
referenda . 

See Railway Engineering. 
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BEND. Fn., Tut/iiu cowl/; Oer m Knierohr ; Ital., Gomito, 

A piece of curved pipo connecting two straight portions is designated a bend. 

Earthenware or stoneware bends are usually double the price of a straight piece of the same 
length. The price of east-iron bends is also increased, owing to the pattern being more costly, and 
in most cases, having to be specially made. 

W rough t-iron pipes can 1 k> bent while cold by filling them with lead, and afterwards melting 
it out bv heating the pipe. 

BERM. Fb., Benue; Ger., Berm , Wattoheatz; ITAL., Banchim ; Sr AN., Henna. 

Bee Fortification. 

HETON. Fb, Biton; Ger., GrundmDrtet; Ital., Calcettmszo ; Stas., J/ormigon. 

See Concrete. 

BEVEL or BEVIL. Flu, Angle qai n'est pa* droit; Orb, Spitxer oder stumpfer Winket; 
Ital,, Smuwto; Span., Chnjlnn. 

A bevel in masonry or brickwork is a s1r>|icd or canted plane surface. 

Any angle except one of 90° is called a betel-angle. Bee Hand-Tools. 

BINDERS, ob BINDING-JOISTS. Fb., Tnttxm, cAcectettu; Geb, Unterzng , Mittelhalkrn ; 
Span., TVaciestw, tirante a. 

See Joists. 

BIRD'S MOUTH. Fb., Joint en itwov, About en Genie ; Gbk., KeiUteg ; 

Ital, Commettitura oheceo d'uccello ; Span., Picolete. 

Bird** Mouth. — A notch cut at the end of a piece of timber, as Fig. 684. 

In bricklaying, a notch cut in a brick to adapt it to any internal angle 
leas than DO 3 is a bird's mouth. 

BISCUIT MACHINE. Fn, Machine a fairs Ic biscuit ; Geb, Biaquit 
Mac hine ; Ital, Macchinn da biscotti. 

See Bread-making Machinery. 

BISMUTH. Fb, Bismuth ; Gkr, UVs/naM ; Ital,, Bismuto; Span, Bismuto. 

Bismuth is a rare metal, but its distinguished qualities are that it is very fusible, and cauw's 
other metals to become fusible also. Like antimony, it is very brittle, and of a brilliant lustre : its 



colour is white, tending to flesh-colour. It melts when pure at 480°; it may be distilled in a close 
vessel, and then crystallize# in lamina. Water being put = 1, its specific gravity is 9-83. which 
may he increased to 9 '98 by hammering. Bismuth is peculiarly suitable for castings, as it ex- 
pands in the act of cooling, which renders it peculiarly suitable for castings. 

Ore * of Bismuth. — There are many minerals which contain bismuth, but they do not often 
occur in such quantities as to make the extraction of the metal profitable. The metal is not very 
valuable, and, notwithstanding its scarcity, it is sold at a low price. It occurs native, and is then 
easily obtained. Native bismuth is found in Monroe, Ct, whore it is associated with wolfram, 
galena, blende, and quartz; also in Chesterfield, South Carolina; and, of course, iu many localities 
of other ports of the world. Bnlphuret of bismuth occurs at Hnddam, Conn. The carbonate 
is found in the gold district of Chesterfield, South Carolina; and the sulphuret 
and lead and copper, at I.nbeo lead mines, in Maine. Telluric bismuth exists 
S h SjgB in the gold regions of Virginia and North Carolina, U.S. All the metal in 
■4 : So market is obtained almost exclusively from cobalt-sneise, at the smalt works 
m °f Germany. This residuum, from which also nickel is extracted, contains 

Hi ’/."?■ I?* on ^ lc i^rn-ge 7 per cent, of bismuth. 

W V" ’!** Alloys of Bismuth . — The oom pounds of bismuth arc distinguished l>y fusi- 

1 bilitv, at a lower degree of heat, than those of most other metals. Eight parts 

»t j« 5 e of bismuth, 5 of lead, and 3 of tin, melt at 202*. Two bismuth, 1 lead, 1 tin, 
Ihfj “vISm melt at a little lower bent. The addition of mercury increases the fusibility 
• ^ of these alloys. One bismuth, 2 tin, 1 lend, 

lav — is soft solder for pewter. Cliche# forste- 

tf Sf“ », rcotvpe# aw composed of 3 lead, 2 tin, 

M/ " aJi 5 bismuth; tliia alloy melts at 199*. 

~~ 45*5 bismuth, 28*5 lead. 17 tin, and 9 

v — HjL offi ' 1 '' OT mercury, Is an alloy for plugging teeth; 

5a v ‘ ^ jks it fuses at 149*. An amalgam of 20 bis- 

r " i ' ■- Us ’- A ^ ninth and 80 mercury is used for silvering 

i — * I the interior of glass globes. Like anti- 

many, bismuth formB an alloy readily 
.. v with the alkaline metals. Its affinity for 

V 'v-'. ^ ~ v * \'£|jBte £2 arseuic is very weak, like that of phos- 

4 , . — r- phorus; both of these substances may be 
WM evnpomted from tho hot metal almost 

>5liU v - “ i 5 * entirely. All its comjyntnds with pre- 

i wa«« has been proposed instead of lead for rc- 

compound of tin and bismuth is stronger, 
harder, and more sonorous tlian pure tin ; 
‘ and for those reasons it is added to 


pewter. An alloy of equal parts of lead and bismuth is heavier than tho mean density of the two 
metals, it being 10*709. 

Uses. — Bismuth is scarcely used alone; it is chiefly employed for imparting fusibility to 
alloys. Besides the aliovc-mentioned applications, it is used in the alloy# of which safety-plates 
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and pi ii £8 in steam-toilers arc made. Its oxides arc used os cosmetics; also as paints, and printing 
colours. 

Manufacture. — The operation of smelting bismuth is extremely simple : the metal having but a 
weak affinity for other substances is obtained by simply heating its ore. The cut, Fig. 685, shows 
a modern liquation furnace, by which the metal is obtained. A is a cast-iron retort, at the 
highest part of which the crude ore is charged; B shows a cast-iron bowl into which the metal 
flows. About half a hmulrcdweisrht of broken ore is charged in each retort, of which there are 
four in a furnace side by side. This quantity nearly half fills a retort, so that the upper part of it 
is empty. The lower end of it is closed with a clay plate, or slab, provided with an aperture for 
the discharge of the melted metal. The pipes, when properly ignited, soon cause the metal to flow 
into the dish B, which contains some charcoal-dust. By applying a brisk fire and some stirring to 
the ore, all the metal contained in it is obtained within half an hour. The residuum of the ore is 
now reraped out of the retort into a trough with water, and the pipes are filled afresh. About a 
ton of ore is smelted in a day of eight hours. The mct&l is remelted, cast into iron moulds in the 
form of ingots, and is now ready for the market. 

The metal thus obtained is not pure; but it may lie purified by remelting in a fiat earthen, or 
rather a tone ash-dish, at a low heat, removing the dross os it appears on the surface of the metal. 
It is advisable to melt the metal thus obtained in a purer form in a hlarklead pot, and then cast it 
into the mould for ingots. Bismuth cannot be freed from silver by these means, in consequence of 
which the article of commerce always contains some of that metal. The annual production of this 
metal amounts to nearly 19,000 lbs. 

BITS. Fr., Bittes ; Ger.. (irosse Beting ; Itai~, Bitie. 

See AniERs, Braces, nnd Bits. 

BLASTING. Fr., Pftardement; Ger., Sprcngcn ; Itai.., Mi wire. 

See Boring and Blasting. 

BLAST FURNACE. Fr., Foumeav a evurant tTair forc € ; Ger., Sckachtofen ; Ital., Foma ad 
aria forxata. 

Furnaces are classified as mind or air furnace* when the fire is urged only by the natural draft ; 
as blast furnaces when the fire is urged by the injection artificially of a forcible current of air; and 
as revet*# rutory furnaces when the flame of the fire, in passing to the chimney, is thrown down by 
a low arched roof upon the materials operated upon. 

In general terms, a furnace is an enclosed place where a hot fire is maintained, as for melting 
ores or metals, for warming a house, for baking bread or pottery, or for other useful purposes ; 
as an iron furnace', a hot-air furnace; a glass furnace; an engino furnace , aud the like. 8ce 
Fir sacks. 

The right construction and suitable arrangement of blast furnaces for either hot or cold blast 
are of considerable importance in the smelting and manufacturing of iron. 

Smelting is an operation which is performed in the blast furnace, as it is termed, because of its 
size and auxiliaries. In it the reparation of the metal from the ore dcfiends on the presence of 
heat, carbon, and the condition that the metal is heavier than the oxidized substances which 
form the slag. Blast furnaces are used exclusively in America, for smelting fluid iron, and mostly 
grey iron. In some parts of Europe a lump of 
solid iron is formed in the hearth of the furnace. 

But this is an expensive way of smelting iron, 
and not proper for imitation. 

Fig. 686 shows n vertical section of a modern 
blast furnace. These furnaces are from 25 to 
50 ft. high. In almost all instances, the hulk of 
the mason-work is constructed of rough stones, 

Sandstone is preferable, but any kind may bo 
used except limestone. The furnace itself forms 
a pyramidal mass of masonry, commonly as wido 
at the base ns the height from the floor to its 
mouth. The interior of the furnace is formed of 
fire-proof matcrinl, the lower parts of sandstone, 
and the upper of fire-brick. The lower part, 
marked A, tonus the crucible, or hearth, at which 
is the strongest heat, and where that |*irt of the 
ore which lias not been smelted in higher parts 
of the furnace is incited. This part is most 
commonly square, its sides are from 20 in. to 6 ft. 
wide, and it is never less than 5 ft., often 8 ft. 
high. The stones of which they are built in 
America are exclusively sandstones, while in 
Euroj>e we find them constructed, not only of this 
material, but also of granite, gneiss, and even 
limestones; the latter, however, are becoming 
rare. Above the hearth A, the furnace widens 
rapidly and forms a gentle slope, b the boshes, 
where the furnace is gradually converted from a 
square to a round form. At the top, or widest part of the boshes, which varies from 8 to 18 ft. in 
diameter, the horizontal seetion of the interior of a furnace is a perfect circle, which is continued 
up to its mouth. This round part of the furnace is most generally formed of fire-brick, but in some 
instances of sandstone or shale. It has the form of an inverted cone, in which the sides are more 
or less curved. This part of the furnace, marked i, is termed the in-wall or lining. All those 
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parts Mow tho lining are solid stones, and closely joined to the rough walls. The lining itself is 
not close to the rough wall; then* is a space between marked I, from <1 to 8 in. wide, filled with 
broken stones, or broken furnace-slags ; them* an* loose, so os to admit of an independent motion 
of the in-wall, which is for these reasons made of fire-brick. 

Rough stones expand and contract more than fire-brick, and are more liable to fractures; and 
as injury to the in-wall may cause serious losses, the safest plan is to use good fire-brick for its 
construction. The bricks are generally moulded in the pn>|>or manner for forming a circle, and 
are from 13 to 18 in. in length, which size decides the thickness of the in-wnll. The in-wall rests 
on the rough wall of the stock, and is in many instances supnorb-d by heavy cast-iron beams, which 
form, in the meantime, the tuyere arches. The mouth of the furnace is. in wane instances, very 
narrow, in others wide; this defends on the size of the furnace, kind of ore, fuel, blast, and 
management. The diameter of this throat varies from 20 in. to more than 10 ft. In the majority 
of cases the mouth is provided with a cast-iron cylinder, which forms the throat. This cylinder 
receives the cold material, and is thus prevented from melting, or from injury. The top of the 
furnace is generally crowned with a chimney, c, as wide, or somewhat wider, than the mouth of 
the furnace; it is provided with one door at smnll furnaces, and with several at large furnaces. 
Through these doors the smelting materials an* charged. 

At tho lower part of the furnace may be seen arches, or recesses in the masonry of the stock. 
These are formed by dividing the basis of the furnace into four piers, as shown in Fig. t»87, and 
an' called side arches. H H, and l<aek arch. F, and work arch, O. These recesses are generally 
covered by semicircular brick arches; in few instances they are formed of cast-iron lienms. The 
arcln-s are from 8 to lti ft. wide, according to the size of the furnace. At largo furnaces, a commu- 
nication between these arches is effected by a gangway, 1 1 1 1, piercing the piers. The front or 
work arch, often called tynip-arch, shows that the crucible is o|x*n here; the discharge of tho 
metal and slag is prevented by the dam-stone K, which is of a triangular section, lieddod in fire-clay 
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npon the bottom stone. L is the tymp-stnno; it forms, by being raised from 15 to 24 in. abovo the 
bottom stone, the aperture for the discharge of tho smelted matter, and affords ample space for tho 
removal of any obstructions which may happen to he formed in the hearth. There are some pecu- 
liarities in the relative position of dam-stone and tymp, which wo shall point out hereafter. Tho 
tymp as well as dam-stone aro covered with a heavy cast-iron plate, to prevent their being 
injured bv charging heat. From the top of the dam a gentle slop* is formed for the discharge of 
slag whirti floats rontinually from the furnace. At the base of the daiu-xtone a small aperture — 
the tap-hole— is formed by cutting a part off from this stone before it is bedded. 

In Fig. 088 nn enlarged view of the hearth and boshes is represented, which presents all their 
parts more distinctly. It shows the princi]tfil joints of the hearthstones, and the manner in which 
the boshes are fornn-d. Then** are, in small furnaces, constructed of a mixture of clay and sand, 
and in large charcoal, anthracite, and coke furnaces, either of firebrick or of sandstone. 

In the plan here represented the furnace is provided with three tuyeres, T. The blast pipes 
are conducted from the blast machine under the bottom stone of the hearth, and branches from it 
are led to the tuyeres. Small charcoal furnaces, which smelt from 20 to 25 tons of metal a week, 
work by one tuyere from one of the side arches. Large charcoal furnaces are worked by tuo 
tuyeres on the opposite sides ; while anthracite or coke furnaces generally have three, ami sonic 
five or six tuyeres. Conducting the blast pipes under ground, it has advantages in res|x*ct to 
saving room, but it causes vexation in case any accidents happen to them, which often occur by 
using hot blast. It affords, however, in the moautime, the security of a dry bottom stone, which 
is of great value ut any furnace. If the blast pipes are thus conducted under the hearth, they 
should be placed in a spacious channel, so that necessary repairs may lie effected at any time. 
The bottom stone is laid upon a strong cast-iron plate which covers this channel. 

The rough walls of a furnace may be erected with little lime mortar iu the joints; in fact, 
roughly-laid stones appear to form the beat stacks. When the mnsonry is well joined, and filled 
close with mortar, a system of air-channels is required to facilitate the escape of moisture which 
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adheres tenaciously to any masonry. In all instances, a stack may be erected of hewn stone*, 
bricks, or ore, roughly put together; but a well-arranged system of iron binders is required to 
prevent a separation of tho mason-work in consequence of the ever-active expansion and contraction 
of the building materials. The mode of affixing these iron binders, or ties, is indicated in the 
various drawing* ; and more particularly in Fig. 6S9, which presents a horizontal section through 
the widest part of the boshes. The particulars respecting the e*9. 

arrangement of these ties are subject to the discretion of the 
builder; but we may remark that there never can lie too many 
binders in a stack. A largo number of light liars is preferable 
to a small number of heavy ones. These binders are wrought 
iron, generally square bora from 1$ to 2 in., provided with keys 
at both ends, in preference to screws and nuts, which are not 
often used. Each end of a binder is also provided with a large 
cast-iron washer, w hich covers the channel as well as tho stones 
nearest to the hinder. As wo have said, the form of these 
binders is generally that of a square bar; but a flat form of 
bars is preferable. These binders are located in spacious 
channels, so that they may be taken out and mended in case 
any of them break. 

* The furnace represented. Fig. 686, is located near the side 
of a steep hill. Tho hill and furnace ore then connected by a 
bridge, constructed of wood, or in some instances of shines, or 
bricks. Upon this bridge a light building, the bridge-house, is erected, which servos as a store- 
house for fuel, ore, and flux, sufficient hi feed tho furnace for one or two days. Dry stock is thus 
protected against rain or snow. At largo fbmaees, no such use is mode of the bridge-house, 
liocause it would require to be of too large dimensions. When a furnace is erected on a level place, 
or when no advantaj^s can be obtained by locating tlie stock near a hill, which is decided by the 
mode of supplying the ore and coal, these materials are hoisted by machinery into a tower. Wheel- 
barrows, which contain the smelting materials, are pushed upon platforms and are raised by chains 
to the hip of the furnace. In Fig. (EH) such an arrangement is represented. The tower N is 



690 . 



generally erected of strong timbers, and its top connected with that of the furnace by means of a 
wooden bridge. A platform is mode, which forms in tho meantime a cassoon, for the reception of 
m much water as will balance the IcnmI of ore, or coal. Two such platforms are suspended on a 
strong chain, over a rope-barrel, and when the lower platform is loaded, a current of water is 
conducted by means of leather hose, into the box, or cassoon, which forms the upper platform. 
When tho amount of water, which flows from a reservoir placed at the top, together with tho 
empty barrows, is heavier than the loaded platform below, the water is shut off, and tho loaded 
platform ascends, while the empty one descends. When tho cassoon with water arrives beneath, 
the upper platform is locked, and tho water below is discharged by a self-acting valve, into a drain 
below the level of the floor. The rope-barrel is provided with a strong brake by which to arrest 
the machinery, in ease an accident liappens to any part of it. 

This machinery for hoisting is convenient, inasmuch as the iiower to set it in motion is easily 
applied, and always at the commaud of the workmen, provided tho cistern is always supplied with 
water. At the furnace here represented tho hot-1 dost Hpjmratus is placed at the top. The cold 
blast is conducted upward, and the hot air down to the tuyere. Under this arrangement consider- 
able pressure in tho blast is lost, which may be in some measure modified by employing wide 
pipes. At most furnaces which have been recently erected, both hot blast and steam-boilers, 
which snpply tho blast-engine with steam, are located on the top of tho furnace. For these 
reasons the area at tho top is enlarged. Tho furnaces nre thus made more massive, consequently 


Digitized by Google 



BLAST FURNACE. 


341 


there is less loss of heat by radiation from the furnace, and room for a largo mouth. The hot-blast 
apittratiu is, in these instances, located behind the steam-boilers : it receives the waste heat when 
it fin* plum'd the toilers. In sorao instances the top dame is divided, and ))&rtly led under the 
boilers and partly into the hot-air stove. 

Whatever may be the dimensions of a furnace, or whatever kind of fu<?l or ore is used, tho work 
is more or less modified by local circumstances. When a furnace is newly built, or has boon out 
of blast, or has a new hearth put in, a slight tiro is at first kindled at the bottom while the dam- 
stone is wanting. In order to protect the hearthstone against the immediate contact of a strong 
heat, it is lined with common bricks, which prevents the flying of these stones. The aperture 
formed by tho tymp, bottom stone, and side stones, is walled up by common brick, and only a few 
small apertures admit of air for combustion. The hearth and Btack are thus slowly dried* which 
may require from three to ten days. When the hearth has been for some days thoroughly warm, 
tho brick lining is removal, and it is tilled to tho top of the boshes with either charooal, anthracite, 
or coke, whichever may be the combustible used for smelting. The tymp is ojten, in case the 
hearth is warm and dry; but when any doubt exists as to its being dry, ashes or sand is thrown 
on the coal in the tymp to prevent a rapid fire. In order to remove clinkers which may be formed 
in the hearth, it is cleaned every twelve or twenty-four hours ; and when tho heat is strong, or an 
early starting of the furnace is contemplated, a grate is formed by means of ringers — long iron 
bars— os shown in Fig. 601. Thus a strong 
drought is produced, a rapid combustion ensues, 
and the heat is augmented. If these bars ore 
withdrawn after fifteen minutes or half an hour’s 
time, the hot coal, descending on the clean hearth- 
stones, will heat them thoroughly, and prepare 
them ns well as the bottom stone for the reception 
of hot metal. One <lay, sometimes two or three 
days’ heat, which time may be shortened by the 
repeated formation of grates, will prejiare the 
hearth; the fuel has been, all this time, held as 
high as the boshes. 

When thus far heated the furnace may be 
charged with ore. In sm^ll charcoal furnaces tho 
coal is generally filled higher than the boshes; 
but in large ones, and those which are thoroughly 
heated, there is no need of having much fuel. The furnace is now regularly charged alternately 
with ore and coal ; the ore amounts to only half of a full charge, but the measure of coal is always 
the same. These charges are not mado in rapid succession, but the flame is allowed to l>eeoroe 
visible on the top of the last charge before another is filled. The furnace is thus slowly fed by 
alternate charges of ore and coal ; and, in order to facilitate tho ascent of the gases, coarse coal is 
selected ; or, when charcoal is used, brands or wood are mixed with the coal. When full to the 
very top, the furnace is ready to receive blast, and not sooner. Home founders usually let on blast 
before a furnace is quito full. This is imprudent ; it causes disorder from the start. When the 
furnace is thus filial, the ore is drawn down by repeated gratings, which are eo managed that tho 
bottom is properly heated. When the first signs of slag or iron appear at the tymp or the tuyeres, 
the bottom is once more cleared of all adhering cinder, the dain-stono put in its place, and the 
dam-plate bedded in clay upon it. A large coal or coke, or, what is better still, a mixture of fine 
damp cool and a little clay, is filled into the tap-hole; a stopper, or at first only heavy dust, 
is filled under the tymp, and the blast put on. At the first, only weak blast is usol; in fact, for 
the next two or three weeks the furnace does not receive full blast, in order not to injure the now 
hearth and in-walls by a too sudden and strong heat. A furnace is stouter with about half tho 

{ treasure which it will take,' aud that gradually increased in the course of some weeks. A few 
tours* blast will raise tho fluid cinder to tho top of tho dam-stone; the blast mav now be stopped 
for a few minutes, the hearth tried by a light bar as to cleanliness, and if found tree from clinkers 
or cold slag, a lignt stopper is formed of clay and coal-dust, 
the tymp shut, and the blast let in again. The melted iron 
accumulates now at the bottom of tho hearth, and tho alag 
runs over the dam-plate and is carried away. The furnace, 
of course, is perpetually filled with coal and ore, so that the 
materials are always level with the top. It must be a 
standard rule never to blow a furnace by low Btock, uo 
matter how it works : it must to full. In coses of imminent 
danger of chilling, a sinking of charge* is excusable, but 
only to be refilled by dead charges : that is, coal without ore. 

It will require, according to the kind of furnace, from 
twelvo to twenty-four hours to fill the hearth with iron. 

If possible, the iron ought to come near the top of tho dam, 
before the tap-hole is opened for tho first time. The tap- 
hole is generally at the right-hand side in the tymp-arcu, 
near A, Fig. 6U2. A channel, — run,— dug in moulding 
sand, conducts the iron to the pig-bed, B, where the pigs 
are previously moulded into sand or coal-dust, or dust of 
anthracite or coke, by means of wooden patterns. Running the iron into iron chills is not much 
practised. It is confined to only a few furnaces near Baltimore. If the iron is tapped before the 
pool is quite full, the hearthstones below the tuyeres are liable to be coated with a dry, tenacious 
cinder, which nuty cause serious vexation. Such dry cinders cause cold, wliite iron, aud may 
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occasion the free* ini? of the iron in the bottom. Wien the iron is thus tapped from the furnace, 
the bluet is slaked, or stopped, the clinkers and cold cinder removed, and a fresh stopper of clay 
and sand placed under the tyinp, and the blast put on again. 

The first iron made should always be grey iron; for these reasons the ore charges are light. 
An increase of ore must lie made gradually and very slowly, proceeding with the greatest caution 
as to the increase of bunion. White or mottled iron, in the first week of a blast, is an indication 
of scaffolding the furnace. The fluid cinder thus formed is liable to adhere to the in-walls and 
cause troublesome concretions. When grey iron is smelted the cinder is not very fluid, ami may 
(lesnud into the crucible before it become* sticky, where the heat is strong enough to remove it at 
any time. 

The tymp-arch is divided into two parts, os shown in Fig. 688. The run for the fluid iron is 
as much lower than the part C in the middle as the height of the dam-stone. C forms somewhat 
of a sln|)e, falling from the dam-stone gently. At the left-hand side are two cavities, into which 
the cinder runs alternately. About a ton of it is necessary to till such a cavity with slag. A 
piece of pig iron, or any other iron, is set vertically into the centre of the empty cavity, the cinder 
flows around it, by which it is firmly held, and, when the mass is nearly wild, it may be lifted by 
means of a crane located at D. It is deposited on a horse-cart, and carried away. The slope C is 
sejwimted fmra the run A, and from the slag-trough, by cast-iron plates, set so close to both side* 
as to afford only sufficient room for cither the iron or the slag to be removed. The room, or slope, 
thus formed, is necessary for the furnaoe-inen to stand ni>on and work tho furnace. Iu order to 
make this sjjace as large as possible, the tymp-arch is considerably larger than the tuyere-arch. 

Having thus far given a general description of a blast furnace, its construction and mode of 
operation, we will now take notice of some of its most important particulars. To commence with 
the bottom stone. This part of the fumaco should be particularly dry, and, if convenient, oven 
warm. A cold or damp bottom causes white iron ami waste of fuel. In some parts, particularly in 
Sweden, the lx>ttnm is purjjosely kept cool ; but not so in this country. It happens at some old 
furnaces that the foundation is not perfectly dry, for want of drains; but furnaces recently erected 
are well provided with moans for tuo removal of moisture. Some kinds of ore, but chiefly tho 
quality of iron smelted, afford the reasons for having a cold bottom stoue ; considering, however, 
the greater use of fuel incident to it, the advantages are in favour of a dry and warm bottom. 
The leading form should be the one represented in Fig. 681), for the foundation of a furnace. A 
spacious archway crosses nnder the furnace between the pillars, so that a man may enter and 
examine it. Any moisture which happens to penetrate from above, which is often the case at Iwt- 
bloat furnaces, thus subsides quickly, and cannot do much harm. In the meantime, it affords an 
opportunity of correcting the discharge of water, in case there is any obstruction. A damp 
bottom stoue is not ouly the cause of waste of fuel, but it produce* vexatious concretions of cinder 
below and around the tuyere, which cause much trouble to tho founder. The bottom stone should 
he in one piece, if jtossible, but there is not much harm done if it is spliced, provided tho joint is 
chase, and tho stone safely bedded. It should he a hard, well-dried sandstone, with a uniform 
groin. 

M3. 




The plan of the hearth is a square, and seldom round or elliptic ; the dimensions of the hearth 
depend entirely on circumstances. A furnace in western New York — Siscoe furnace — which melts 
a mixture of magnetic ore and hemntitea, principally the former, is 2 ft. 10 in. wide, 18 in. high below 
the tuyere, and 20 in. above the tuyere, where the boshes commence. Such a low hearth is suitable 
for magnetic ore, spathic ore, and some specular ore*, hut it would not work well with hematites : 
for the latter kind of ore require* a higher hearth above the tuyere. The charcoal furnaces of 
Pennsylvania, U.S., are not often less than 4 ft. high above the tuyere. Ores which melt easily, 
or which ore porous and form grey iron, ought to bo smelted in a high hearth. The height of a 
hearth is regulated by the ore, hut the size of it at the tuyere is determined by the fuel. A 
hearth for anthracite or coke is not higher tlinn a charcoal hearth. For ore* which melt with dif- 
ficulty. a low hearth — in fact, one where the boshes commence at the tuyere, ns shown in Fig. 690, 
is considered profitable, and for porous hematites it may reach 1 ‘5 ft. above the tuyere. The space 
below the tuyere is generally plumb ; above it, the batter is from ^ to ^ ; that is, one half-inen to 
the foot for very mild ores, and 2 in. to the foot for refractory ones. A high crucible has always 
more taper than a low one ; and one for rich or refractory ores more than one for impure and 
fusible ores. When forge-pig is smelted, the hearth is lower or more tapered than for grey or 
foundry pig. The hearth should be wider, and have more batter, when much than when only a 
little iron is to be smelted. The height and batter of n hearth is in fact not of bo much importance 
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ft* in commonly supposed. It is expensive to Bmelt grey iron in n low or muoh-tapored hearth, and 
it is expensive to manufacture forge-pig in a high hearth. A high hearth always causes inferior 
forge-iron. The high crucible saves fuel and ore, but works slow. If we assume that a furnace 
without a hearth, where the tuyere is only 8 or 10 in. above the bottom, and the batter of the 
boshes drawn down to the tuyere, as shown in Fig. tUX), and also that a furnace of this construction 
produces the best forge-iron— then regarding this as one extreme of the forms of a hearth, and con- 
sidering the other extreme to be a hearth 6 ft. high, ami only |-in. butter to the foot, and assign to 
this the capacity of producing the best foundry-pig iron — we shall have the intermediate forms 
nearly in the following order for ores. Starting with no hearth, or the lowest hearth, low pressure 
in blast, forge-pig, and much iron, the ores which may bo smelted to ml vantage are ns follows : raw 
sparry carbonates, raw magnetic ore, silicates and forge-cinder, raw argillaceous ore. crystallized 
peroxide, specular ore, compact jieroxide, rod oxides, roosted carbonates, roasted magnetic ore, 
roasted argillaceous ore, raw hematites, roasted hematites, pure bog ores, and lx»g ores which con- 
tain much phosphate. The series of ore inverted will work in a high hearth, strong blast, foundry- 
pig, and smelt slowly. IJog ore may la* smelted in a low hearth, but not to advantage. As the 
ores are generally impure, a great deal of iron is lost in the slags, and consequently much coal is 
used ; the yield is bad, and however good the iron may be in the forge, it is of no use in the 
foundry. If, on the contrary, we smelt refractory ore, commencing with the series, in a high 
hearth, the yield is poor, much coal is used, the iron never good for the forge, and not useful in the 
foundry. We thus see how much the form of a hearth is do(M!iuleut upon a variety of circum- 
stances, which must be considered in its construction. If we erect a cylindrical high hearth for 
smelting magnetic ore, ami intend to smelt good forge-pig, and much of it, we certainly fail in tho 
attempt. And if we desire to produce foundry-pig, of bog ores, in a furnace without a hearth, we 
shall find the iron very poor, weak, and hard, consuming much coal and ore in its manufacture, and 
not suitable at all to be worked in the forge. By considering these facts, we distinguish easily the 
correct form of hearth for certain kinds of ore, as well as quality and yield of iron. 

One side of a horizontal section of the hearth, or the distance between the tuyeres, is never loss 
than 18 in., and not larger than 8 ft. Bound or oval sections of crucibles are not often used, and 
we shall not allude to them. The true measure of a hearth is the contents of the area, for which 
wo assume one side of a square. These dimensions are somewhat controlled by the nature of the 
ore, but depend chiefly on the quality and kind of fuel, on the quantity and kind of iron to be 
smelted, on the pn-ssure of the blast, ami on the munlier of tuyeres. A hearth of only 18 in. 
square at the tuyere, which is worked by one tuyere, will moke very little iron — 2 or 2£ tons in 
twenty-four hours. These dimensions are only suitable for working by weak blast, with f-lb. 
pressure, and charcoal. In fact, all dimensions below HO in. are for charcoal only. A hearth of 24 
inches may prnduce from 3 to 5 tons per diem, with j-lb. blast and one tuyere ; two tuyeres may 
bring the yield to 6 tons a day. A hearth of JtO in. may l>e worked by three tuyeres, | to 
1 lb. pressure, and produce from 0 to 10 bins of metal in twenty-four hours. The ore lias much 
influence on the yield. A hearth of at least 30 in., and from that to 4 ft. in width, is used for 
smelting by coke, the yield of the furnace being in ratio to the size and amount of blast ; it varies 
from 10 tons per diem to 10 or 17 tons. We find in anthracite furnaces— the largest hearths in 
them — the distance between tho opponito tuyeres is not less than 40 in., ami sometimes it is as 
wide as 0 ft. An old hearth is frequently found to work well w ith a width of 8 ft The yield 
in these furnnees varies from 10 tons per diem to 30 tons, according to size, ore, pressure of blast, 
aud number of tuyeres. Large-sized hearths are generally of a round form.* 

Pressure of Blast . — The density of blast depends strictly on the quality of fuel. It has been 
observed that soft charcoal works best with | to | lb. pres*ure to the sq. in. ; hard charcoal, 
with J to 1 lb. pressure. The best wood charcoal will not hear more than this density. Haw 
bituminous coal, or coke, is worked to advantage with 2$ lb*, to 4 lhs. pressure, ami anthracite 
should have at least 4 lba. Wo have no evidence that more density is injurious to the operation 
with authracitc. When less pressure than this is at our disposal, either from want of power or an 
imperfect blast-machine, the width of the hearth should be reduced, to produce the necessary force 
of current in the fuel. When hot blast is used, the densities are as al>ove 
stated ; but with cold blast they may be considerably increased. As the 
effects of Lot blast may be in some measure produced by higher densities, 
the best results must, ns a matter of course, he obtained when pressure and 
temperature are so regulated as to work the ore w ith the smallest amount of 
fuel. We are not informed what density of cold blast anthracite coni will 
bear ; but wc know that strong coke will bear 6 lbs., hard charcoal 1 to 1 1 lb., 
and soft charcoal to jf and 1 lb. 

Number of Tuyeres. — The number and size of tuyeres depend on the size of 
hearth, the quantity of iron to be made, and whether hot or fold blast is 
used. In a small furnace, where charcoal is used, ami the production is 
limited, hut one tuyere is used ; and this is applied at one side of the hearth, 
ns shown in Fig. 635, and at the side of the tap-hole. It is a remarkable 
fact, that all attempts have proved futile to work a furnace by placing the 
tuyere in the back stone, opposite the tymp. This appears to lx- it* natural 
position, but in practice it does not prove so. Good coal, fusible ore, strong 
blast, and a well-sized hearth, will produce a large quantity of iron with one 
tuyere. Some furnaces smelt as much ns 7 tons per diem by these means. 

There ore great advantages in working one tuyere, particularly with refractory ores and cold blast. 
All clnyish and siliceous ores work better with a single one. When a second tuyere is used, it is 
placed opposite the one shown above. At charcoal furnaces we do not often find a third tuyere. 
At coke and anthracite furnaces wc find at least two tuyeres, ami in most cases three : and some- 
times os many as five or six. Then tho section of the hearth is round, aud the tuyeres are placed 


695 . 




344 


BLAST FURNACE. 


ns shown in Fig. GOO. This arrangement is well adapted to work by hot blast, but troublesome 
in uaing cold blast, on account of the cooling influence of the many apertures. Blast, strongly 
lientcd so os to prevent chills at the tuyeres, works admirably well by Buck nu arrangement. A 
wide hearth anu hot blast will admit of the use of more 
tuyeres than a narrow hearth nnd cold blast. 

Site of lioshca . — Tlrnt jxirt of the furnace commencing 
nt the top of the crucible, which forms n dope more or 
less steep, the form of which varies very much, will be 
easily understood after the preceding remarks. The 
width of IjosIich, which means the largest diameter of 
the interior furnace, depends in some measure on the 
fuel, but chiefly on the quantity of ldaat which is 
brought to War upon the fuel. The diameter, or rather 
the sIojkj of the boshes, depends also on the kind of ore 
which is smelted. Wo may reasonably assume tliat this 
slope is intended to perform a certain service, nnd that 
can lie no other than gradually to diminish the force 
of the current of hlAst. As Iihs been demonstrated in 
previous pages, the current of blast carries along with 
it particles of carbon, which may l>e either dissolved in 
the gases or not. They will be deposited where the 
current or temperature is too weak to hold them longer 
in suspension. This fine carlton is absorbed by the 
porous ore. The size of the boshes must be, therefore, 
in ratio to the quantity of blast and the kind of fuel ; 
assuming tliat With current nnd temperature are at the greatest diameter, so far diminished os to 
deposit the particles of carbon. If the boshes are too narrow for n certain quantity of blast, the 
point of depositing carbon is carried higher, and the smelting of the ore commences where it is 
liable to deposit refractory slag on the slotto, causing scaffolding. If the diameter is too large, 
the ores are cnrltonizi-d too low, nnd the slightest alteration of heat must inevitably deposit |>ar- 
tially melted ore in the widest part of the boshes, causing concretions. In cases of doubt, it is 
(referable to have the boshes too narrow, rather than too wide ; but we must be aware tliat nothing 
ms more influence upon the quantity of metal smelted than the dimension of the Wishes. But if 
the furnace cannot W supplied with suflleicut blast, it is very vexatious to have the bnahee too 
wide. The extreme diameters in use are from 7 to 18 ft. Charcoal furnaces will War 9$, and in 
some instances 10 ft. of width ; but the latter is rather a large size. Coke furnaces are not often less 
than IS ft., nnd do not work well if larger than 15 ft. Anthracite ap|(ears to afford a wide range; 
we find furnaces of 10 ft. boshes, nnd also of 18 ft., or nearly four times larger. As the quantity 
of blast is in proportion to tho fuel, and that in some measure controlled by the quantity of metal 
made, we And tliat the production of a furnace is nearly in proportion to the size of the Wishes ; still, 
this rule is not so (lerfect as to admit of oorrect deductions. The kind of ore and quality of iron 
smelted exert nlmnat ns much effect on the yield of a furnace as the size of Wishes. Fusible, well- 
fluxtsl ore furnishes more iron, ami a Uncer quantity of forge than of foundry iron may be mode in tho 
same time by Wishes of the* name size. When the diameter de {tends on the quantity of blast, the slopo 
of the boshes is regulated by the ore and the quality of irou smelted. A slope of 59° is commonly 
adopted in small furnaces where fusible bog ores are smelted ; even 45° are not considered too flat. 
Haw ores, of the primitive formation, are smelted in slopes of from 70° to 75°, as shown in Fig. G94. 
Between these two extremes we observe many varieties of slopes. Close, compact ores, which do 
not form grey iron, are smelted in steep Wishes ; and ores which are inclined to produce a grey 
fusible iron may W* smelted in flat ones. Foundry iron is better when made in flat boshes, and 
forge when nuufe in steep one*. Tho yield of a furnace is greater in the latter than in the former. 
The use of fuel is also greater in steep than in flat boshes. This depends, however, so much on 
the form and composition of the ore, that in these res poets little influence in exerted by tho slojte 
of boshes. 

That part of the ftirnnec commencing at the widest part of the bosh os and extending to the top 
is always of n conical form, with straight, or more or leas curved sides. By examining tho use of 
this pirt of the furnace, we arrive at its correct form. In practice, we find it such as is represented 
in Fig. 697. Wo shall not consider the 
advantages or disadvantages of these 
forms of in-wnlla, but prob'd to define 
the use of this |xut of the funmcc. 

Assuming that the operation of reviving 
and melting the int-tnl and the tjag is 
carried on in the lower port of the furnace, 
from the largest diameter downwards — 
which is not nlways true, ns wo shall 
see hereafter — wo discern the use of the 
space enclosed by the in-wall. Nothing is performed in it except the evaporation of water, and 
of gases from the ore and coal. In reducing tho ore, those substances should not be present. 
Water, as well ns hydrogen, free oxygen, or nitrogen, ore of no use in the crucible : the first and 
tho second are actually hurtful. The object of this space, therefore, iH to evaporate wntcr from 
ore and coni without causing injury to the form of these substances. A high heat, of course, will 
evaporate water sooner than a low one ; nnd it will also break coal and some kinds of ore, and 
form dust of them. For those reasons, a high heat at the mouth of the furnace isoftcu found to bo 
injurious to the smelting operation. Charcoal requires at least twenty-four hours to dry it nt a low 
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heat, mul some kinds of clay or argillaceous ore three times that length of time. When ooal and ore 
may bo dried in twenty-four hours, without injury to form, the size is sufficient when the capacity of 
the furnace abovo the boshes is sufficiently largo to hold ore enough to work for twenty-four hours. 
When 10 Urns of inm are smelted in that time, and 3 tons of ore and 200 bushels of coal are required 
for 1 ton of iron, the furnace must hold 30 tons of oro and 2000 bushels of coal above the boshes. 
Generally we find the capacity somewhat greater: but there is no necessity to have more stock 
in the furnace, whether charcoal or anthracite. Where coke or raw bituminous cool is used, the 
case is different. This fuel contains always more or less hydrogen, the pressure of which is highly 
injurious in that jmrt of tho furnace where the iron is received. It requires a rod heat and a liberal 
supply of air to expel hydrogen from a large body of coal, and also much time. In this case little 
can be done in twenty-four hours, and therefore such furnaces have a capacity for three days' stock. 
The form of the in-wall, if curved or straight, cannot therefore have much influence on the 
operation ; but a gentle curve, or a cylindrical port above the bodies, is found advantageous. This 
will afford some piny for tho oscillations of blast, and prevent scaffolding on the slope of the boshes. 
The curved form shown in C, I), Fig. 037, affords one advantage — namely, the same capacity with 
less height ; and f<vr this reason the curve is advantageous. It has been observed, that beyond a 
certain limit there is no advantage in increasing tho height of a furnace. This may bo 40 ft. for 
charcoal and anthracite, and 50 ft. for coke or bituminous coal. A lower furnace works easier, 
makes better iron for the forge, anti, when well arranged — that is, of sufficient capacity— does not 
consume more coal in proportion to the iron smelted than a high furnace. It is, therefore, desirable 
to operate with the least height. This can be accomplished only by curving the lining so as to 
gain in the capacity. If this space of the furnace serves no other purpose, wo may give any form 
we choose, without injury to the work. It has been proved by experience that the curved lining 
and a low furnace work letter than a straight lining and high stack. Tho curvature is, of course, 
never to extend beyond the largest diameter of the boshes. 

Size of Mouth . — On this subject a great deal of controversy lias arisen without any satisfactory 
result. It is settlod that narrow tops and too wide mouths cause a waste of fuel. 

If we consider the object of this aperture we shall be able to determine its size. Tho mouth is 
chiefly for charging the furnace with oro, cool, and flux, and for the escajs- of the waste gases. If 
the current of tho gas is too strong at the top, a large quantity of small particles of carl>on are 
tom loose and escane, thus causing a loss of fuel. If tho threat is too narrow, the ore is apt to bako 
and form lumps, which ^sws into tho centre of the furnace, and descend to tho hearth unsmelted. 
A mouth of tho proper size will cause some ore to move towards the in-walls, while tho large mass 
will remain in the centre. When tho throat is narrow, a marked difference is found in tho 
operation of the hearth when a fresh charge is thrown in and when it is down. This is particularly 
the case at small, low charcoal furnaces. The oscillation in heat thus produced causes a waste of 
fuel. A narrow throat will work hotter tlmn a wide one, and thus cause the flying of coal and ore, 
which makes dust in the boshes and forms an obstruction to blast. There would be no objection 
to making the mouth os wide as the boshes, were it not that by no doing the ore is thrown chiefly 
near the in-walls, which in melting will cause scaffolding: and if in this case the ore is charged 
in the centre of the furnace, the waste heat escapes chiefly at the in-walls, preventing it from 
becoming sufficiently dry before arriving at the hearth. These reflections lead to the conclusion 
that half the diameter of tho boshes should be nearly the diameter of the mouth, which is confirmed 
by practice. At charcoal furnaces the diameter of the mouth is generally made narrower, under 
an apprehension that heat will be lost. At coke and anthracite furnaces, we find the threat wider 
than half the diameter of the boshes ; it ranges between | and j of it. There is less danger of 
losing heat by a wide than a narrow mouth ; the latter always consumes more fuel than the former, 
but it requires more attention on tho part of the founder, bccauso of its tendency to cause scaf- 
folding. The mouth may be formed of an iron cylinder or a brick wall. 

The mouth is sometimes surmounted by a chimney ; this is required to protect the workmen 
against injury from the flame. An open mouth causes improper filling, bccauso the men sometimes 
cannot get near the proper place, in oonsequcnce of the flame which is driven there by the draught 
or wind. It is in all instances proper to erect some protection for the fillers. A brick chimney, 
well provided with binders, and some apertures for charging, is all-sufficient for tho purpose. 

Blast furnaces have in roost cases, aud should have in all cases, a roof over the top of tho 
stack, a bridge-house, and a moulding-house. Tho uses of t lie sc buildings are obvious — for tho 



protection of those who work tho sand in the pig-bed, and the ore, coal, and furnace, from tho effects 
of rein and snow. The whole of a blast furnace, including all these buildings, assumes then a form 
such as is represented, Fig. (&8. All these buildings should bo constructed of iron, or routed 
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with ft fire-proof pftint ; for any losses in consequence of a conflagration in these establishments 
are of a serious nature, because they cannot well be covered by insurance. 

We recognize two distinct and active principles in smelting iron ore, or, in fact, any other ore. 
The one relates to those instances where porous ore is smelted ; the other is tliat in which com- 
jwet ores Arc reduced. In former pages we had occasion to allude to this subject, and remarked 
that carbon must l»e dissolved in the gases of the lower jmrt of the furnace, or we could not account 
for grey iron. The carbon may be dissolved in hydrogen, or any other gas ; it will be attracted by 
the oxygen of the ore, the pores of which it will fill if it is porous. By whatever means the 
carbon is dissolved, or set in motion, the effect must be in all cam* s the same. If ore is very 
porous, it will absorb much carbon, and form a black or brownish-black mass, which is more 
refractory than pure ore. and which melts only in the high heat of the crucible. This condition 
of the ore in the furnace has been proved by actual experiments. In draw ing out the contents of 
n furnace, when in the l>est condition for smelting, the ore was found to be in this state. Under 
these circumstances, iron is smelted with the smallest amount of fuel, grey iron follows with the 
greatest facility, and good quality can lie depended on. This mode of smelting can lie practised 
only on porous ores, bog ores, hematites, soft red oxides, and roasted ores. It requires a large space 
above the lioshcs in order to saturate the ore with carbon, and fiat boshes to concentrate the neat 
below them and in the centre of the furnace; it also requires a highly-charred fuel, which is free 
from hydrogen. It has been observed that, when it is desirable to smelt grey iron, raw fuel or 
imperfectly-charred fuel does not facilitate the operation. On the contrary, raw fuel lends to the 
formation of white iron. Grey iron, of course, is smelted by raw bituminous coal, and also by 
wood ; but we speak here only of ordinary circumstances, in which the fact is as we state. If tho 
medium in which the carbon is dissolved is indifferent in respect to the formation of grey iron, 
carburet ted hydrogen ought to be particularly suitable for the formation of it. But this is not the 
case. Fuel which contains hydrogen forms. At liest. an impure iron ; and if grey, it contains but 
little carbon. Carburettcd hydrogen certainly deposits more carbon in tho ore than can by any 
other means be accomplished ; but hydrogen reduces many substances, such rs silex or lime, whicL 
are not reduced by carbon except under peculiar circumstances. When hydrogen penetrates oxide 
of iron at a low temperature, it forms a powder of metallic iron, which does not so readily combine 
with carbon as a powder of oxide of iron exposed to the same degree of heat. We discern thus 
very readily the means by which grey cast iron, of good quality, can be formed. 

In these remarks we have alluded to one extreme — tliat is, the formation of grey iron from 
porous ore ; we shall now examine the other, or the formation of white iron from compact ore. 
The best material to serve as an illustration is a silicate of iron. When forge-cinder is charged to 
a blast furnace, it cannot almorb carbon in its pores ; for it is compact, and not accessible to any 
gns, so far os its interior is concerned. This substance will move unaltered in tho furnace, to a 
point where the heat is strong enough to melt it. Here it is converted into a fluid cinder, or slag, 
and trickles down through the hot coals; these absorb oxygen from iron and other metals, and if 
the height of the column of hot coal* is sufficient, all the iron may lie reduced before the fluid shig 
arrives at the tuyeres. No carbon can be absorbed by the iron in this case ; for it forms largo 
globules, and is not in a condition, or not in so close contact with the metal as to combine with it. 
The fluidity of the metal is in this case most generally produced by substances which are nearest 
to the iron ; and ns these arc phosphates, sulphates, and silex. their resjiective bases will combine 
with tho metal, which, when once fluid, does not absorb carbon, but rapidly descends into tho 
hearth. In this case we perceive tliat a certain height of a column of hot coal is required to 
reduce the oxide ; if that column is too low. the iron arrives, in the form of oxide, at the tuyere, 
and cannot be converted into metal but by the presence of gray iron in the pool of the crucible, 
the carbon of which will reduce tho oxide which may be in the slag. The height of the column 
of hot coal required will depend on the nature of the ore. If it is a very fusible silicate, such as 
forge-cinder, a considerable height is necessary, because it will descend rapidly and escape the 
action of carbon. 

In thus analyzing tho operation of a blast furnace, we see that, in tho one case a very low 
column of heat, and in the other a very high one, is required. Between these two extremes we 
find the proper height. Very porous bog ores containing phosphorus, smelt in a narrow, almost 
cylindrical hearth, 5 feet in height; a red heat is hardly perceived at the boshes. Forge-cinder, 
by itself, requires at least a column of 25 or HO feet in height of a red heat ; and thus high the 
crucible ought to be, in order to obtain the necessary intensity of heat. This shows verv clearly 
the principle involved in the construction of a furnace-hearth and the boshes. Where the latter 
commence, there the smelting of the ore begins, ami not elsewhere. But as this rule would cause 
the crucible to be very high for refractory ores, it and the boshes form one general slope, which 
may be very high, as the ore requires no preparation in the upper parts of t ho furnace, and ouly 
the fuel is to lie freed from moisture. 

These principles are not confined to the kind of ore; fuel exerts more or less influence on the 
height as well as dimensions of a furnace. Hard, dry fuel, such as anthracite, requires little 
preparation in the furnace, and low stacks will work with it profitably. Coke requires more 
preparation, and charcoal most ; and as a high furnace has a tendency to draw the heat up, it is 
found necessary to reduce the height of a charcoal furnace, in order to save fuel, by reducing the 
column of heat, and consequently radiation of heat. In the difference of the height of beat in 
furnaces, or in the radiation, which is the necessary consequence, may be found tho chief cause of 
the great difference in the consumption of fuel. This accounts for the fact that charcoal furnaces 
which smelt mild, fusible bog ores, will produce » ton of iron with less than a ton of coal, 
when anthracite furnaces use from 1*6 to 2 tons and more, ami coke furnace# do not work with 
less than 2 tons of coke, which is equal to 3 or 4 tons of coal, for smelting the same amount of 
metal. 

Hot Btiiat . — The application of hot blast at blast furnaces is general ; with few exceptions at 
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charcoal furnaces, it is clone* mryvhere. In Figs. 691) and 700 wo have represented the apparatus 
bs it is most commonly construct**!, which may !m* considered ns its best form. In some instances 
the Imt-blnst stove is placed near the tuyeres, as shown in Fig. 701 ; and each tuyere has its own 
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stove, A A A, which enables the founder to 
heat the blast for one tuyere more than for 
the other, ns its condition mny require. 

At large furnaces it frequently happens 
that one tuyere does not work so hot as 
the other, and, in order to remedy the evil, 
more heat is applied at the cold one. 

In genera), one apparatus is placed 
conveniently near to all the tuyeres, ami 
this heats the blast for all of them, however 
many there may be. In this case the most 
convenient position is behind the furnace, 
somewhat elevated above the tuyeres, as 
shown in Fig. 70*2. The hot-blast pipes 
are then above the heads of the workmen, 
and easily accessible for repairs. 

These cases refer to the method of 
heating the blast with separate fuel, which 
is not often practised. The most common 
mode is to heat it at the top of the furnace, 
or at some distance below it, even as low 
as represented in the last engraving. The 
first instance has been represented. Fig. 

090 ; and in the latter, the arrangement takes the form shown in Fig. 703. 
conducted from the top of the furnace, either in large iron pipes, or in channels of masonry, to that 
point where the hot-blast stove is located. In eoiuo instances we fiud the stove provided with a 
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furnace, or prate, for burning coal or wood. This precaution is taken to provide heat by extra 
fuel, in case the waste heat from the furnace is not sufficient to heat the blast to the degree 
required. This does not happen at anthracite or ooke furnaces, but is confined to charcoal ovens. 

At some furnaces we fine! the hot-air pipes enclosed in wrappings, which consist of articles 
which are bad conductors of heat ; at others, the pipes are walled in, in the rough masonry 
of the stuck. Whatever be the mode of conducting blast, the pipe* ought to lx? spacious, for 
the increased volume of the hot air, compared with it when cold, causes much loss of power, or 
pressure, if the pipes are too narrow. 

Effect of Hot Bloat . — The apparently singular effect of hot air in a smelting furnace is chiefly 
of a chemical nature. The heat introduced by the hot air amounts at best to and in most 
instances only to of that generated ; and still a considerable amount of fuel is saved by it, 
which at charcoal furnaces amounts to $ : at coke furnaces to and at anthracite furnaces to 
nearly J of that used by cold blast. The immediate advantages are, the quantity of heat intro- 
duced, in case tlint is derived from waste heat, a small increase of temperature, and a fluid cinder, 
by which flux is saved. The latter effect is in consequence of the aWnce of the chilling efTect of 
cold air, and a more intimate union of the ingredients. The essential efTect of hot blast consists 
in its facilitating the union of carbon and the oxygen of the blast, by which means carbonio oxide 
is more readily formed, in which gas carburetted iron may descend without loss of carbon. Cold 
blast will produce a larger atmosphere of carbonic acid around the tuyere tlian hot blast, and this 
gas will not only absorb carbon, but oxidize silicon and iron. As the influence of hot blast on ore 
is of such a nature as to facilitate the revival of metals, many other substances lx»-sidcs iron ore are 
reduced, and form an alloy with the metal. To these foreign substances belong jMirticulnrly those 
which are Id close contact with the particles of iron, such as phosphorus, sulphur, and silex ; 
calcium is often reduced from the limestone used as flux, when the blast is heated beyond a reason- 
able temperature. By experience it has been found that, for charcoal, a heat beyond 300’, for 
coke 400 ’, And for anthracite 500°, is of not much advantage. 

The quality of iron Buicltod by hot blast must nntumlly be inclined to grey iron, because all 
the oxygen anil other gases being perfectly saturated with carbon, there is no opportunity for tho 
ore to escajje being Carbonized. But it has been observed, and must naturally be expected, tliat 
hot-blast iron is more impure thnn cold-blast iron. It contains, particularly, more of tho basis of 
silex, because this substance is everywhere associated with iron ore, and is subject to reduction by 
carbon at a high beat in the presence of iron, and in the absence of carbonic acid. Tho quality of 
the metal is, therefore, eminently suited for use in the foundry. It is, on account of the amount 
of its impurities ami the metallic form in which they arc present, very fluid, aud remains so a long 
time, which is the cause of its fanning grey, tempered castings. Whatever may bo the opinion 
and experience of some engineers, there cannot bo any doubt that cold-blast iron with the some 
amount of carbon as hot-blost iron, and cast into dry moulds, is stronger tlian hot-bhu»t iron, 
smelted from the same kind of ore. Hot-blast iron fonns a superior foundry iron for small 
castings, but it is weak in large castings ; the cause of which is obvious. The mixture of carbon, 
impurities, and iron, which causes its fluidity, makes it also a bad conductor of heat ; it will not 
cool so quickly os stroug and pure iron, and consequently it is not so liable to crystallization. This 
iron may be, therefore, a superior foundry iron for small castings; but it must be always inferior 
to oold-blast for heavy ones, and particularly for the forge. 

The large quantity of heat lost at the top of a blast furnace has been tho cause of frequent 
speculations to devise some plan for its use since the earliest adoption of these furnaces. It lias 
of late led to a great deal of controversy, and occasioned much examination of the nature of these 
gases, as well ns of those in the interior of the furnace. The subject is so for settled at present, 
that it is fouud injurious to abstract pises lower down from the top than where they consist chiefly 
of carbonic acid, vapours of water, a little carbonic oxide and nitrogen, and some other substances ; 
in fact, these gases are not abstracted until they cense to be useful in the furnace. We may tap 
gases from the furnace lower down in the stock ; but they are not of more use than those near the 
top, and such an operation is more or loss injurious to the working of the ores. When these pises 
are abstracted at a height where they cease to be useful, we may term them waste heat ; but if we 
tap lower down they cease to l*o waste heat ; for tho highly carbonized combustible gases arc 
essential to the good effects of the furnace, ns must be evident from our preceding remarks. 

At a variable height, 8 ft. on nu average below the top in charcoal furnaces, 8 or 10 ft. in 
anthracite furnaces, and 12 or 1G ft. in coke furnaces, the gases are of the same, or similar compo- 
sition. They consist here chiefly of carbonic acid, nitrogen and steam, and some carbonic oxide. 
It Is a mere matter of convenience, so far os regards the furnace, at what precise spot we abstract 
the gas. Below these various heights it ctuuigcs suddenly in its composition. It is compos'd 
chiefly of carbonic oxide, some hydrogen, nitrogen, and moisture. These are substances which are 
essential to the reduction of the ore, and which ought not to be removed. 

We have already shown the mode of abstracting the waste heat from the furnace. The moat 
common method is by means of a cast-iron cylinder of 5 to 8 ft. in length, os shown Fig. 703 and 
in other drawings. The depth to which a cylinder is lowered has no effect u[>on the amount of 
heat obtained ; this is regulated by tho distance to which the heat is to be conducted. A long 
or deep cylinder affords more pressure ; consequently tho gas may be conducted farther from it. 
When Bteam-boilers, or a hot-blast stove, are at tho top of a furnace, the insertion of a cylinder is 
not necessary ; in fact, it is of no advuutngc in any ease, for sufficient heat is given out at the top 
in all instances to heat steam-boilers and hot-blast stoves. In this case the arrangement is such 
ns is shown in Fig. 704. A chimney at the end of the boilers, or at the top of the stove, produces 
the necessary draught. A plain cast-iron plate with a narrower mouth tlian that of the brick 
lx*low, affords a chamber on the top of tho fuel. When desired, this aj>erture in tho irou plate 
may be covered by a door which is occasionally removed for charging fresh ore and coal. This 
plan works well enough iu small charcoal furnaces; but at large furnaces, with a wide mouth, aud 
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who** boiler* require a large quantity of heat, tho effects nro not certain. If any objection exist* 
to tho application of nn iron cylinder, which may bo tho cam when the top work* very hot, nn 
arrangement such os in represented in Fig. 705 is equally effective. It is particularly employed, 



anil useful for burning lime, or heating bloat. Over the mouth of the furnace a chimney is orcctod, 
provided with a damper on its top. Some iron doors, which are opened by pushing the wheel- 
barrow against them, and shut themselves when it is withdrawn. Afford Access to the interior for 
charging. By these means all the heat at the top is saved, and may be conducted to any place 
where it will be useful. 

The amount of waste heat at a blast furnace is very large, but even when tapped low in the 
stack and burned with the addition of fresh ntmospheric nir, its temperature is so low that it cannot 
lie employed to advantage for melting, puddling, or welding iron. At the top it produces a high 
ml heat, and at anthracite or coke furnaces a white heat, well adapted for generating steam, 
heating blast, burning lime or bricks, and similar purposes. In conclusion, we insert some tables, 
which will be found useful for reference, explaining many things which could not bo referred to 
in this short exposition. 

Charcoal Furnace. — At ft charcoal furnace the following persons are employed one founder, 
two firemen, two fillers, one gutter-man. one coal -d rawer, a bank hand, and a horse, cart, and 
driver, and if there is a ttamping-miU, or battery , a hand to attend to it. This is tho smallest 
number of hands necessary to manage a furnace; generally there is twico that number. When 
ore is to be broken or roasted, flux to be broken, and similar work to be done, an additional number 
of hand* is required. There are charcoal furnaces which consume 250 bushels of coal to a ton of 
iron ; 200 bushels is an average in the Western States of America. In Western New York, some 
furnaces smelt a ton of iron, from magnetic ore, to 150 bushels of coal ; and in the 8t. Lawrence 
district, where specular ore and red hematites are chiefly smelted, as low os 100 bushels of coal are 
used to the ton of iron. A stack in that region, which operates well, is about 30 or 33 ft. high ; 
7 or 8 boshes, with a cylindrical part, 2 ft. high, above the boshes ; mouth. 31 in., and from that 
to 36 in. (when an iron cylinder is used it is of tho same Bize); width of hearth between the 
tuyeres, 2*2 in., and 32 in. at the top ; height of hearth, 5} ft. ; tuyeres, 22 in. above the bottom ; 
the in-wall a curve, as shown Fig. <»77, C ; such a furnace smelts from 5 to 8 tons a day. 

The Sisroe furnace, on Lako Champlain, working magnetic ore, is 44*75 ft. high; 13 ft. boshes; 
2 ft. 10 in. hearth, across the tuyere; hearth, 38 in. high : slope of boshes, 64°, with a cylindrical 
part above the slojw of 3J ft. high ; mouth, 4 ft. 3 in. wide. This furnace uses about 160 bushels 
of coal to a ton of iron ; its erection lias coot about 30,000 dollars, exclusive of eight kilns for 
charring wood, which coat An additional sum of 10,000 dollars. 

Anthracite Furnace#.* — The form and dimensions of these vary exceedingly. They are not often 
above 33 ft. high ; from 10 to 18 ft. boshes ; 3| ft. to 5} ft. across the tuyeres ; hearth, from 3 to 
5 ft. in height, generally much battered ; boshes, from 50° to 70°; top, 5 ft. to 9 ft. in width. A 
small anthracite furnace produces from 80 to 120 tons of iron, large furnaces from 180 to 200 tous, 
per week. 

Coke Furnace *.— 1 These are generally 50 ft. high, and as wide at the base ; boshes, 15 ft. ; slope, 
65° to 70° ; hearth, across the tuyere. 4 ft. ; at top, 5 ft. ; height of hearth, 6 ft., and tuyere above 
bottom stone, 2 ft. The cost of erection is equal to that of an anthracite furnace ; iron made per 
week is 80 to 100 tons, using 2 tons of coke to 1 ton of iron. 

The coal charges at furnaces are always of the same measure— alxmt 15 bushels, more or less. 
The weight of ore is regulated according to the capacity of the coal for smelting. The number of 
charges in a certain time, say twelve hours, varies from 12 to 30, according to the quantity of blast 
injected into the furnace. 

The number of blast furnaces in the United StAtes may be estimated nt 1200; of which about 
100 are anthracite furnaces, 8 bituminous coal furnaces, and a similar number which use coke. Tho 
others arc charcoal furnaces. 
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Description of the Blast Furnaces at Iran Works at Orosmont , hy Hiram C. Coni third, of Bitch 
hum. Taken from the Proceniinys Inst. M. K. — In the Cleveland iron district, where the Orosmont 
Iron Works are situated, there were, in 1863. 63 blast furnaces in full operation, 17 furnaces 
not in operation, standing for repairs or other causes, and 11 furnaces in various stages of 
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progress. 

Grosmont, near the 
coast of Yorkshire, is 
situated about seven 
miles from the port of 
Whitby, 20 miles from 
the Durham coalfield, 
and about the samo 
distance from the lime 
district of Pickering, 
whence the supply of 
lime is derived, Fig. 

706 is a general plan 
of the entire works, 
which are adjacent to 
the main line of rail- 
w'ay from Whitby to 
Castleton, joining the 
North Yorkshire and 
Cleveland Railway, 
and thus in connection 
with the Newcastle and 
Durham coal and coke districts. A siding from the main line runs into the works. 

These blast furnaces are constructed on a very efficient and economical plan. Each furnace is 
capable of producing 250 tons of pig-iron a week, allowing for stoppage on Sundays. Fig. 707 





Reference. — 8 1., Steam biff. C K, Calcining Kilns. R R, Railway. 
B, Boilers. K, Kngiiif*. It M, Blast Mains. G M, Gas Main. K F, Kur- 
il B S, Hot Blast Stores. C, Chimney. 


707. 70S. 



is a vertical section of one furnace, and Fig. 708 Bhows an enlarged vertical section of the top nnd 
bottom of the furnace. Figs. 700 to 713 are transverse sections of the furnace at the tuyeres, tap- 
ping-hole, and hearth, and through the body of the furnace. 

Each furnace measures 18 ft. diameter at the boshes, and a total height of 63 ft. from ground- 
lino to level of charging-floor. The foundations were dug out to a depth of about 3 ft., to rock on 
one side, anti hard blue clay on the other, the ground sloping in the direction of the dip of the 
rock. The stone foundations, both for the hearth and casing of the furnace, are shown in the ver- 
tical sections. Figs. 707, 708, nnd consist of ring-courses of masonry built on concrete, about 26 ft. 
diameter, each course being bound by a wrought-imn ring, 5 in. wide nnd I in. thick, Fig. 708. In 
the interior of the uppermost ring-course is built the fire-brick hearth A, Fig. 708; the blocks of 
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which this is forme*! are shown in plan rih! vertical section in Figs. 711, 712. These blocks oro 
set in ground fire-clay in a moist state, special cure lieing taken to secure a perfectly homogeneous 
mass, an the whole of the superstructure of the furnace and its contents, when in working order 
weighing about 1200 tons, rest upon this foundation. On the top course of masonry the founda- 



tion-plates of cast iron, 3 ft. C in. square and 4 in. thick, are bedded in fire-clay, to which are bolted 
the cast-iron columns 11 B, Fig. 708, 17 in. diameter, for carrying the superstructure. These 
columns are united at the top by a cast-iron ring or cornice C, in segments 34 in. thick, each seg- 
ment having a semicircular snug cast on its under-side, which, when the work is joined together, 
fits into the top of the column B, thus binding the whole of the segments into one ring. 

The entire lining of the furnace inside is of refractory fire-brick, D, Fig. 708 ; the fumnee is 
cylindrical on the outside and entirely cased with wrought-iron plates E, f in. thick at the liottom 
of the furnace, and towards the top of the furnace diminished in thickness to A in. This casing 
weighs about 30 tons and costs about 400/. t and is now being generally used in the place of the massive 
stack of masonry formerly used. There axe ten cast-iron pillars B for carrying the superstructure, 
placed at a distance of 7 ft. apart, except where the tapping-hole is situated, where the distance is 
increased to 10 ft., as seen in Fig. 709. Brackets are cast on these pillars, Fig. 708, for the purpose 
of carrying the circular pipes that convey the blast and water 
round the furnaces for distribution to the various tuyeres. There 
are five tuyeres to each furnace, one of which is shown in longi- 
tudinal section in Fig. 714. 

Fig. 713 shows a transverse section of furnace at X X. 

At the top of the furnace a wrought-iron pIat<f-comice F is 
fixed. Fig. 708, forming the charging-floor; and the two furnaces 
are connected by weans of two longitudinal wrought-iron girders 

4 ft. and 3 ft. deep respectively, the larger one prepared to receive 
the wrought-iron oeama that form the roadway of the incline up 
which the matt-rials for smelting are drawn by means of a pair 
of fixed horizontal engines. These girders are united by nine 
intermediate croM-giiden of wrought iron, and, when covered with 
plates, form the roadway of the charging-floor, having a screen 
3 ft. 6 in. high running round for protection. 

The throat of the furnace. Fig. 708, is adapted for taking off 
the waste gas, which is collected in a wrought-iron tube O, 5 ft. 
diameter, which extends down the threat of the furnace about 

5 ft., and is lined inside and cased outside with refractory fire- 
brick 6 in. in thickness. This tube is fixed to and supported by 
a crown or dome, built in the throat of the furnaces or specially 
moulded lumps of fire-clay, supported by six buttresses built of 
the same material. The crown has six openings formed at the 
sides for charging purposes, and one opening in the centre, through 
which the gas passes into the tube G. There is the usual brick chimney at the top of the fumnee, 
with wrought-iron swing-doors corresponding with the openings in the crown. The gna is con- 
veyed from the furnace- top to the boilers and hot-blast stoves by a wrought-iron tube 5 ft. 6 in. 
diameter, large enough to take off the gas from two additional furnaces : and so mure boxes. II, 
Fig. 706, are fixed at intervals along the tube to allow for expansion. A flap-valve, I, Fig. 708, 
opening outwards for cleaning purposes, is fixed at the end of the tube over the furnace. 

FigB. 715, 716, bIiow a vertical section and sectional plan of one of the hot-blast stoves. Three 
of these are built to each furnace, of common brick made on the estate, lined with refractory fire- 
brick, and externally bound firmly together by wrought-iron hoops 4 in. wide and J in. thick, 
placed at intervals of 3 ft. The stoves are heated by the gas being admitted at the top, J, and a 
small fire is kept on the grate at the l>ottora for the purpose of ensuring that the gRs is always 
ignited. Fonr flues, K K, Fig. 716, pass away from the bottom of the stove to the main chimney- 
flue L, Fig. 715, which is in connection with the chimney-stack. Fig. 706, of 180 feet height A 
simple disc-valve J is fixed at the top of the stove where the gas enters, to cut off the supply of 
gas from the stove at any time. The pijics M, through which the blast passes, consist of ten pairs 
to each stove, 12 in. diameter, each pair being arched at the top and united at the bottom by con- 
necting foot-boxes, thus forming one continuous course of pipes for the blast to pass along. The 
blast enters on one side of the oven* and, after circulating through the pipes M, passes out at tho 
other side into the main pipe N for the service of tho tuyeres, ns shown by the arrows. A stop- 
valve O serves to cut off the communication of each stove with the blast-main, which is 5 ft. 6 in. 
diameter, and thus forms also the blast reservoir. The temperature of the blast is from 60<r to 70CP 
Falir., and the quantity blown by each engine is G000 cub. ft. per minute, at a pressure of 3 lbs. per 
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square inch. Those hot-blast stores have boon found most effective ; from the enlarged rapacity of 
the pipes, the blast is much longer in pausing through them, and consequently they are not required 
to be kept at such a destructive beat. 

m. Tie. 


The blast is supplied by three direct-acting 
high - pressure engines, quick - moving, having 
air-cylinders 57$ in. diameter, with a stroke of 
3 ft. Two engine* are sufficient for the work of 
two furnaces, a third one being provided in case 
of emergency. The reason for sejsunte engines 
being used is that in the case of an accident to 
the blowing-engine, when only one engine is 
nsed, the whole of the furnaces are thrown idle. Moreover, the cost of machinery for two furnaces 
is much less in these engines, taking into consideration the expensive nature of the stonework, and 
so on, required for the foundation of one large beam-engine. The only foundation required for 
these engines is about 3 ft. depth of brickwork, with a framework of timber on which to bolt the 
foundation-plate*. 

The engine-house is of brick, the roof is formed by the water-tank, which contains the water- 
Nupply for the tuyeres, pig-beds, and so on. In the engine-house is fixed a travelling crane, for 
the convenience of examining any portion of the engine*; this is found a most useful appendage. 
The boilers are five in number, each 73 ft. long by 5 ft. diameter, of the plain egg-ended form, 
heated by the waste gas from the blast furnace*. They are suspended by means of cast-iron 
bridges from the top of the boiler seats, and are fed by three donkey-engines, all connected to on© 
pipe over the boilers. The steam pressure is 60 lbs. a square inch above the atmosphere. 

A steam lift is fixed in the works in the position shown 8 L, Fig. 706, for the purpose of 
raising the minerals from the lino of railway to the top of the calcining kilns. 

Description of a Method of Takituj off the Waste Gates from Blast Furnaces, by Charles Cochrane , — 
In the Proceedings of the Inst, of M. E. for 1860, Cochrane observes, there is no novelty in the 
fact of taking off the waste gases from a blast furnace ; for many methods have been and are at 
present employed for accomplishing this obiect. Though Cochrane was unaware of any similar 
method, he does not desire to claim originality in that about to be described ; but as there is such 
acknowledged diversity of opinion ns to the respective merits of different plans, and great diffi- 
culty in procuring reliable information on any, it is proposed to give a description of on arrangement 
which 1ms been in successful operation for some time at the Onnesby Iron Works, Middleaborough, 
The large waste of fuel from the mouth of a blast furnace where the escaping gases are allowed to 
burn away is well known, and amounts to more than 50 per cent, of the fuel burnt; heneo there 
is considerable margin for economy, bearing in mind the largo quantity of coals consumed in 
raising steam for generating the blast and the further quantity necessary to heat that blast to the 
required temperature. In fact, assuming a consumption of 300 tons of coke a week to make 200 
tons of iron, about 100 tons of coal would be required to generate steam and heat the blast. 
Taking off the gases from one furnace under such conditions does, according to actual experiment, 
furnish gas equivalent to upwards of 150 tons of coal a week. This is obviously on important 
matter where coals are expensive. 

The blast furnace is alternately charged with coke, ironstone, and limestone, in proportions 
depending upon the auality or “number” of iron desired. The arrangement of these materials in 
the furnace is generally deemed important, though it admits of considerable latitude without any 
appreciable alteration in the working of the furunee. Thus it does not seem to 1*> of any import- 
ance whether the charge of coke be 12 cwt. or 24 ewt., the amount of load of ironstone and 
limestone being in the same proportion of 1 to 2. The chief point, if there be one, to be gained in 
the arrangement of the material is, to distribute it pretty equally over the furnace, not allowing 
all the large material to roll outwanls, and the small to occupy the centre of the furnace, or rice 
versa: for it is supposed the ascending gases will pass through the more open material of the 
furnace to the injury of the closer ; thus the two reach the active region of reduction in different 
states of preparation, and the operations of the furnace are interfere! with. To provide for this 
contingency, which is met in an open-topped furnace by filling at the sides at three, four, or even 
six joints of the circumference of the throat, allowing the material to slide inwards 2 or 3 ft. on a 
sloping plate, it was considered expedient in the present instance to make the filling aperture as 
large as practicable: it was therefore made 0 ft. 6 in. diameter, as shown in Fig. 717, so that the 
material tends to arrange itself in a circle a little outside the centre, thus correcting the tendency 
of largo material to roll outwards by causing a similar tendency to roll towards the centre also. 
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Thia point is pained in one of the simplest methods in use for closing the top of a blast furnace, 
whero a cone is used to lower into the furnace for filliup ; but it is secured at the expense? of the 
height of material in the furnace. A certain height is necessary for the efficient working of the 



furnace, and if this be diminished it must be at the expense of fuel in the furnace, since the 
absorption of heat from the gases depends on the height of nuiterial through which they have to 
pass up : if this be diminished, the gases issuing from the tliroat of the furnace will escape at a 
liigher temperature ; if increased, at a lower. 

But there is an important difference to consider in the conditions of a closed and an open- 
topiied furnace, to which Cochrane is not aware that attention has hitherto been drawn ; a 
difference which acts somewhat in favour of the open-topped furnace. The working of the furnaces 
themselves seems to show that an open-topped furnace is less sensitive to irregularities of moisture 
in the material, quantity of limestone, size of material, and so on, which can lx? accounted for only 
by the fact that the open-topped fnrnaee has the advantage of a large amount of surplus heat, due 
to the combustion of the waste gases at its throat, which serves to dispel moisture and calcine the 
limestone, ami helps to warm up the large pieces of ironstone : all of which oj>erations in the close- 
topped furnace. are effected only at a lower point of the furnace, thus necessitating a larger con- 
sumption of coke. With the same proportion of ironstone to limestone, it has been found to require 
about 10 per cent, more fuel to produce the same number or qunlity of iron in a close-topped than 
in on open-topp«d furnace. In the close-topixd furnaces the gases pass away at a temperature 
of about 450 ' Fahr. ; whilst in the opon-topptd a tem]x>raturo of between 1000° and ‘iOOO 5 is 
generated in the throat of the furnace by their combustion. 

In comparing the extra quantity of coke consumed in a clnae-topjxd bloat furnace with the 
saving in cools for the boilers and hot- blast stoves, it is obvious that the economy to l»e derived 
by talking the gases off depends ou the comparative valuo of coke and coal. In the Middles- 
borough district, where coal is expensive, it is nn undoubted source of economy ; where coke is very 
dear, however, and small coal can be obtained at a mere nominal cost for boiler and stove purixjses, 
the use of the waste 
gases would pos- 
sibly do little more 
than compensate for 
the outlay involved. 

Here, no doubt, is 
one boutcc of the 
variety of opinion 
entertained in va- 
rious districts ns to 
the advantage of 
taking off the gas. 

Cochrane’s experi- 
ence at Middlea- 
borough has been, 
that the waste gases 
can be taken off 
without affecting 
the quality of the 
iron produced, 
though at the ex- 
pense of more fuel. 

The mode of closing the furnace-top and taking off the gases at the writer’s works is shown in 
Fig. 717. The top of the furnace is closed by a light circular wrought-iron valve A, 6 ft. 6 in. 
diameter, with sides tapering slightly outwards from below, as shown enlarged in Fig. 718, to admit 
of being easily drawn up through the materials, which arc tipped at each charge into the external 
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up ace B. To provent excessive wear upon the body of the valve, shield-plates are attached at four 
points of its circumference, against which the material strikes as it rolls out of the barrows. Au 
annular chamber C encircles the throat, triangular in section, into which the gas pours through tho 
eight orifices D D from the interior of the furnace, and thence passes along the rectangular tube E 
into the chamber F. At the extremity of the tube E is placed an ordinary flap-valve opened by a 
chain, by means of which the communication between the furnace and the descending gas-main Q 
may be closed. The valve A is partially rounterfmiscd by the balance- weight at the other ex- 
tremity of the lever H, and is opened by a winch I when the space B is sufficiently full of materials. 
At the time when the blast is shut off for tapping the furnace, the gas escapes direct into the atmo- 
sphere through the ventilating tube K, whicli is connected by levers L with the blast inlet- valve below. 

Fig. 719 shows the connection between the furnace-top anil the hot-blast stoves to be heated by 
the waste gases, which pass down the descending main G into the horizontal main M running 
parallel and close to the line of stoves N, from which descend smaller pipes O to each stove, as 
shown in Figs. 720 and 721. The supply of air for burning the gas in the stoves is admitted 



through the three tubes P, and can be regulated at pleasure by the circular slide closing the ends 
of the tubes, which has an aperture corresponding to each tube, and is planed on the nibbing face, 
rs is also the surface against which it works, in order that the slide may be sufficiently air-tight 
when closed. The ignition takes place where the air and gas meet, the ignited gas streaming into 
the stove and diffusing its heat uniformly over the interior. An important element in the working 
of an apparatus of thin description is to provide for explosions, which must tako place if a mixture 
of gas and air in certain proportions is ignited. To provide for this contingency, escape- valves R 
are placed at the ends ami along the tops of the main tubes (i and M ; but to prevent explosions as 
far a* possible, the ventilating tube K, Fig. 717, is used at the top of the furnace, connected with 
the blast-valve at the bottom, so that when the valve is dosed, as at casting time, tho act of closing 
opens the ventilating tube, and allows the gas to pass away direct into the atmosphere. The gas 
would otherwise be in danger of slowly mixing with air passing back through the stoves or other- 
wise gaining access into tho tubes, ami would thus give rise to an explosion. Until the ventilating 
tube was provided, it was necessary to lift the valve A closing the mouth of the furnace when the 
blast was taken off, otherwise slight explosions took place from time to time. 

In the use of Durham cokes in the blast furnace, an inconvenience arises from the large deposit 
which takes place in the passage of the gas from the furnace and in the stoves ami toilers. Under 
the toilers this deposit is a great objection, os it is a very bad conductor of heat, nnd needs to to 
frequently removed : in the stoves it is not so objectionable, though these need a periodical 
cleansing. The dejKisit does not arise altogether from the cokes, it is true ; and it may be inte- 
resting to know its composition, which is as follows : — 


Silica 18-86 

Carton 1C- 14 

Alumina 13*87 

Sulphate of lime 13*61 

Lime 11*01 

Protoxide of zinc 10*31 

Peroxide of iron 9*01 

Protoxide of manganese 2*56 

Potash 2*13 

Protoxide of iron 1*25 

Magnesia 1*25 

Chloride of sodium 0*60 


100*60 


Digitized by Google 



BLAST FURNACE 


355 


At a temperature of upwards of 3000° this mixture melts in a yellowish slap, dispelling the 
xinc ; but then? are no signs <»f fusion at the temperature produced by the ignition of the gas in 
the stoves, which must roughly approximate to that of melting iron, from the results of a few experi- 
ments made to ascertain this point : though thin pieces of east iron were not fairly melted down, 
they reached the rotten temperature-, whiefi is only a few degrees below melting, and gave further 
signs of nearly melting by throwing off sparks when quickly withdrawn from the stoves and struck 
smartly against another object. 

C. Cochrane says, that he has heard it asserted that the closing of the top of the furnace is the 
source of mischief to its working by producing a back-pressure in it. Under ordinary circum- 
stances, with the Amioe-top open, the blast enter* the tuyeres at a pressure ranging from 2$ to 
3 lbs. a square in. In the present close-topped furnace there are eight outlet-orifices I), Fig. 717, 
each 2 ft. by 1 ft., giving a total area of 1G sq. ft. for the passage of between 5000 and 0000 cub. ft. 
of gas per minute, raised to a temperature of 450- Fahr. ; and the actual liack-pressure of the 
gas, as measured by a water-gauge inserted into the closed top of furnace, is from | to f in. column 
of water, or about ^jth or ^th of a lb. the «q. in., an amount so trivial as compared with a 
pressure of from 2} to 3 lbs. as to be unworthy of notice. Of course, if the tubes are contracted in 
size, a greater back-pressure will be produced ; and it is quite possible that where attention has not 
been paid to the circumstance, the I tack-pressure may have interfered with the working of the fur- 
nace dv preventing the blast entering so freely. 

As regards economy in the wear and tear of hot-blast stove* of the ordinary construction, there 
can be no question the piists last much longer when heated by gas, provided the temperature of the 
etove be carefully watched to prevent it* rising too high ; whilst the value of the same heating surface 
compared with its value when coals are used is greatly increased, owing to the uniform distribution 
of the ignited gnses throughout the stove. In the use of the gasea at Cochrane'* work*, this economy 
of surface is such that two stoves heated by gas will do the work of a little more than three heated 
by coal fires. 

On the Working and Capacity of ftlast Furnace*, in the Proceeding* of the Inst. M. E. (1864), 
O. Cochrane further observe*,— referring to Fig. 722, which shows the original construction of 
closed -top and lifting- valve for 
charging, the materials for the 
charge* Wing filled into the ex- 
terior space B surrounding the 
charging-valve A, which is drawn 
up into the position shown by the 
dotted line* for allowing the ma- 
terials to fall into the furnace ; 
while tho gas is taken off from 
the furnace-top by the passage E, 

— that the usual plan of clnsed- 
top adopted in blast furnace* is 
that represented in Fig. 723, in 
which it will be seen that the 
materials are filled in against a 
lowering -cone C, placed in tho 
throat of the furnace, which on 
being lowered into tho position 
shown dotted, permit* their fall 
into the furnace. The tendency 
of the material in this case is to 
roll outwards from the charging- 
cone to the side of the furnace, 
and thence book again to the 
centre, ns shown in the drawing. 

It was thought at the time of 
adopting the plan shown in Fig. 

722, that the height of the mate- 
rials carried by the aamo furnace 
would be increased, and that a 
corresponding economy in con- 
sumption of fuel would result, 
owing to the circumstance that 
where the plan shown in Fig. 723 
is adopted, the level of the mate- 
rials must always bo maintained 

at a certain distance below the top, to ensure the fall of the cone C at charging time. The plan 
shown in Fig. 722 was devised with due regard, as it was thought, to the arrangement of the 
mntcrialsjn the furnace; and it was intended that they should arrange themselves ns shown by 
the dotted line in that drawing, part of the larger material rolling to the outside of the furnace 
and jiart to the centre. 

As long as the furnace could be kept so full ns to ensure the arrangement of materials shown 
by the dotted line in Fig. 722, there was no reason that it should not work uniformly ; but the 
practical result was that it was found impossible to keep the furnace sufficiently full to secure 
the distribution of the materials in the manner intended. The level of tho surface of the materials 
was generally below that intended, tha consequence of which was that the material on falling into 
the furnace was shot into the centre, from whence the largest pieces rolled outwards, and the 
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whole charge arranged itself as shown by the full line in Fig. 722. The restilt of this was 
irregular working of the furnace over a period of many months, during which an explanation of 
the irregularity was in vain sought for. At one time it was thought the bock-pressure of the 
escaping gas had something to do with the irregularity ; at another the cause was sought for 
in the difficulty of keeping the hopper-valve A of the furnace tight, ami the necessity for using 
small material around the valve, ns a kind of lute between ever)' charge, to prevent the escape of 
the gas; until it occurred to C. Cochrane that the arrangement of the materials in the furnace 
wns the sole explanation of the difficulty, and that os all the material was shot into the centre of 
the furnace, the small pieces would remain there, whilst the large would roll to the outside. 
Believing that it was of groat imjiortnnce, in order to secure uniform results, that there should be 
a uniform distribution of the heated gas from the hearth over the entire horizontal area of the 
furnace at each stage of its height, he considered that the effect of any small material being 
collected in any portion of the area would be to olwtruet the |mssage of the gas at that part, and 
ao prevent that portion of the material from being heated to its proper degree of terupernture. 

Deeming this to be the explanation of the irregularities experienced in the working of the 
furnace, Cochrane devised a method of distributing the material so as to prevent such a result, by 
the introduction of a frustum of a cono D, Fig. 724, suspended inside tlio throat of the furnace, 
which was found to la* all that wns 
necessary. The materials then 
arranged themselves in the d<*sired 
manner, as shown in Fig. 724 ; and 
the result has since been a perfect 
uniformity in the working of the 
furnace. Where previously a yield 
of foundry iron from the same furnace 
could not be relied upon for more than 
about 24 hours at a time, and the 
annoyance wns incurred of the fur- 
nace’ suddenly changing to white 
iron, the production of white iron, 
except when desired, is now unknown. 

A consideration of these facts will 
lend to a fair estimate of the import- 
ance of the arrangement of the ma- 
terials in a blast furnace. Anything 
that npjKws the free passage of the 
ascending heated gHS at any part of the furnace must direct the gas into another channel, and the 
material thus left insufficiently acted upon finds its way into the hearth at a low tern perat ure, and 
white iron is the result. 

The effect produced on the distribution of material by this internal frustum of a cone ia 
obviously similar to that of the ordinary lowering-cone when lowered, shown in Fig. 723; and the 
latter hns now consequently l*cen finally adopted at the Onneshy Iron Works as the permanent 
form of the arrangement, and is now being carried out there. 

The most perfect action of a blast furnace C. Cochrane conceives to consist in the development 
of the highest temperature needed for the production of the required quality of iron, in a layer or 
stratum as little removed from the tuyeres as possible; and the gradual absorption of the heat 
from the ascending gas by the materials through which it passes, until it leaves the throat of the 
furnace at the lowest possible temperature. Anything which tends to cause a more perfect 
almorption of the heat developed in the hearth, or to lower the level of the region of highest 
temperature in the furnace, will thus bo beneficial. 

With regard to the absorption of tho heat from the gns, it is obvious that the hotter tho 
temperature at which the gas escapes, the more wasteful must be the effect; and theoretically 
the height of a furnace should be increased until the temperature of the escaping gas is reduced 
to that of the materials on their introduction into the furnace-top. This is the theoretical limit to 
the height of a blast fumaco : but it must not l>e forgotten that the leaa the difference in tempe- 
rature between two bodies, the less rapid is the communication of heat from the hotter to the 
cooler ; hence for the absorption of the last few degm i s of temperature from the ascending gns n 
much greater height of material is necessary than where the gas and the material differ more 
widely in temperature. Already with 50 to GO ft. height of blast furnace in the Middlcsbnrough 
district the temperature of the escaping gns does not exceed 500° to GOfP Fahr. ; and it is a 
question to be answered only by experiment, how far the gain from the heights of 70 to 75 ft. 
already accomplished at Middloaborough, and further heights of 10 or 20 ft. additional that are 
contemplated, will compensate for the extra work in raising the materials to the additional height 
and for the more substantial plant required. In the direction of height there is unquestionably 
on this account a limit which will speedily be attained ; supposing the limit bo not previously 
determined by the necessity for increased pressure of blast and by the increased difficulty in 
working the furnaces. 

Takiruj off the Watte Got from Open-topped Hiatt Furnace*, by Georye Aildenhronke. — We take tho 
succeeding account of this method from the Proceedings Inst. M. E.: — Writing in 18G5, Addenbrooko 
observes that the utilization of the waste gns from blast furnaces has now become not only an 
accomplish'*! fact, but a great commercial success, and consequently an important part of furnace 
management. This gas, or rather mixture of gases, issues in large quantities from all the inter- 
stices between the last charge of materials in the furnace-throat ; and it passes off with such 
rapidity as to prevent a sufficient mixture of air taking place to render it inflammable until it has 
risen to some little height above the top of the materials in the furnace-month. As soon, however. 



Digitized by Google 


BLAST FURNACE. 


357 


ns this mixture of air takes place, a very considerable portion of the gas is consumed, in the 
case of the ordinary open-topped furnaces that do not utilize the waste pm. This combustion 
develops a great amount of heat; and the question therefore arises, how can the waste gas l»o 
made further useful, without in any way injurin'' the yield, the working of the furnace, or the 
quality of the iron made; for if any injury were occasioned in either of the olmve respects by 
taking off the waste gas, the utilization of the gas ought certainly not to be attempted. It is 
evident thnt there must always be an escape of surplus gas from the top of the materials in the 
furnace-throat, from the consideration thnt the heat in the lower part of the furnace distils oft' 
the gas from the fuel in the up(M>r port ; and this gas, not meeting with a supply of oxygen 
inside the furnace, passes up uumnsumed to the furnace-mouth, where, uj>on mixing with the 
external air, it bums away to waste, unless taken oil" previously in order to be usefully burnt 
elsewhere. 

The utilization of the waste gas has been extensively carried out in two different modes, each 
capable of being applied and worked in several different ways. The one mode is known as the 
Close-top system, and the other as the Open-top system. 

Addenbmnkc was of opinion that the waste pis ought to be utilized for the following reasons, 
namely, that a furnace would work to better yield whom the gas was utilized, and with greater 
regularity as to the quality of iron made ; and that there would be a very considerable saving in 
repairs to hot-blost stoves and boilers by heuting these with the waste put, together with greater 
regularity in the heat and pressure of the blast, because of a more even temperature being 
maintained under the hoi l era ami in the stoves ; while there would also be a considerable saving 
in wages, and the men would bo made more regular in charging the furnace. 

The principle upon which the waste gas is taken oft' in the case of the close-topped furnaces is 
that, by keeping the furn&co-top closed, the pis must necessarily |m*s away through any openings 
which are made for its esenjw*, and may thus be made to travel even to a distance of more than a 
quarter of a mile from the furnace, as is done at the Dowlais Iron Works. In the oiien-topped 
furnaces the idea is that, after the gas lias done very nearly all its work in the furnace, on 
arriving within about 5 ft. of the top of the materials in the furnace-mouth the greater part cun 
be drawn off from the furnace by applying a mild suction, and employed to advantage for heating 
purposes elsewhere ; at the same time, os no considerable amount of force is used for drawing off 
the pis, either by the suction of n chimney or otherwise, all surplus pis generated in the furnace 
beyond the amount drawn off escapes at the open top of the furnace, by [Missing up through an 
average of ity ft. depth of charged materials above the point of taking oft" the gas. 

The open-topped plans of taking off the waste pis may here be divided into two classes : — 
those taking off the gas at a less depth than 5 ft. below the top of the materials in the furnace- 
throat; and those taking it off below that level. In the former the gas is taken oft' with due 
regard to the effect on the yield and working of the furnace ; while in the latter the utilization of 
the gas is made the chief object. 

In order to carry out the utilization of the gas without risk of interfering with the successful 
working of the furnace, it is of very great consequence not to take off the whole of the gas, but to 
leave a certain portion always to escape at the furnace-mouth, so that it may continue the process 
of preparing the newly-charged materials, and begin to dry and warm them immediately upon 
their being charged, anil also provent any downward current of air taking place from the furnace- 
top. Such a downward current of air must necessarily take place frequently, where the whole of 
the gas is drawn oft*; as the chimney-power requisite for this purpose would lie quite sufficient to 
draw down the air through the average depth of 3} ft. of materials in the furunce-throat above 
the gas-openings, at any time when there was not an ample supply of pis to lie drawn off. The 
result would then be that where the ascending pis and the descending nir met in the furnace a 
bright flame would be produced, which taking place amongst the fuel must occasion a very serious 
loss, by causing combustion of the fuel before it reaches the part of the furnace where its com- 
bustion is useful ; and it appears doubtful whether fuel thus once lighted would not continue 
smouldering the whole of the way down in the furnace. On the other hand, if the fuel is properly 
covered in the upper part of tho furnace by a sufficient depth of materials, so as to bo protected 
from tho air, Addcnbrooke doubts whether it will begin to burn till it reaches the zone of fusion, 
where it then changes from a mere highly-heated state to one of active combustion caused by tho 
pretence of air supplied from the tuyeres. He believes that in the fuct of covering up the fuel, 
without ignition being allowed to take place, lies one of the chief sources of saving in the yield of 
the fuel ; and he considers that it is this alone, in the close-topped furnace, which to a very groat 
extent makes up for the loss of yield of fuel that must inevitably result from the use of the close- 
topped system with its consequent back-pressure. This saving, however, is more tlian counter- 
balanced by the fact that neither drying nor warming nor any other preparation of the materials 
can bo carried on in the closo-topped furnace except by the heat of the gas coming up from below. 

Were it uot for the back-pressure produced in the furnace by a closed top, this system would 
doubtless work to a much better yield than the open top ; hut tho entire prevention by the closed 
top of any drying or warming of the materials taking place until they have descended some 
distance within the furnace is a serious objection, in <». Addenbrookc's opinion, to the close-topped 
plan ; whilst, on the other hand, in a well-worked open-topped furnace the preparation of the 
materials begins at once upon their being charged. Moreover, there is no way of so regulating 
the driving of a furnace or rate of descent of the materials in the interior as that in every hour tho 
furnace shall take the same quantity of blast ; but whenever the steam-pressure hap|ieus to rise 
above the average, causing the engine to force more blast into tho furnace, or whenever tho 
materials happen to lie more open in tho furnace, or to be drier, an increased driving of tho furnace 
will be occasioned, which will give an increased production of gns to pass off from the furnace. As 
this larger quantity of gas has in the dose-topped furnace to |xiss oft’ through the same njwtiinga 
which previously carried off a smaller quantity, the result must be an increase of tho bock- 
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pressure in the furnace : whereas with an open top the surplus gas readily escapee at the mouth 
of the furnace, without producing any bark-pressure inside the furnace. Another objection to the 
closed top is that the pressure coming from the lower part of the furnace will carry off with it 
front the furnace more aust than would be drawn off by suction. 

Tho requirement in the utilization of the blast furnace waste gas appears therefore to be an 
open top where the fuel can be buried or covered, without its being ignited to any material extent 
either by tho escaping gas, or, worse still, by the gas being drawn off so completely from the fur- 
nace-throat that air is drawn down also through the materials, causing a hidden tire to be ragiug 
beneath the surface of the materials while everything seems to l>e going on well. Addenbrooke 
states that he has frequently seen the gas drawn off so completely that a man could walk inside 
tho mouth of a large furnnee while the blast was on : but experience shows tliat such a state of 
tho furnacivtop is altogether wrong, and if ever it occurs, the main gas-valve ought at once to be 
closed sufficiently to ensure some gas passing off at the furnace-top, in order to begin the prepara- 
tion of the materials and prevent any downward current of air. 

Tho level at which the gas is taken off from the furnace ia a most important point, as in effect 
the working height of the furnace nearly terminates at the level where the gas is taken off. Tho 
most satisfactory working that Addenbrooke has known of a blast furnace lias been where 
the gas was jMvrtinlly and not wholly taken off, and at a depth of 4 ft. G in. below the top of the 
materials. In one case that came nnder his experience, one of Darby’s bells was used very suc- 
cessfully for a considerable time, talcing off the gas at a depth of 4 ft. 6 in. below the top; but 
when it became necessary to change it, the new bell wos inserted to a depth of 5 ft. 6 in., in order 
to give the fillers a little more range of level. This was, however, found to work so much less 
satisfactorily, that it was altered bock again to the original depth of 4 ft. G in. 

The very great sensitiveness of a furnace to the least lowering of its working height is undoubt- 
edly tho cause of more than one-half of the mottled and white iron that is made where grey forge 
or forge-iron was expected. The change is usually caused by delay in filling, most frequently at 
night, when the inen often neglect their work, ami allow the furnace to drive, so that the surface 
of the materials is lowered a considerable distance ; and the effect is then observed about three 
casts later by the production of mottled or white iron. The worst consequence of this neglect is that 
the furnace manager then finding white iron made, probably alters the burden at once in order to 
correct the fault ; and, after charging it up to the next casting time with either less ore or moro 
fuel, he probably finds this next cast all right, ami therefore altera the burden bock again: but in 
another cast or two comes the iron made from the lighter burden, rather too grey to suit the pur- 
{KMcs it is wanted four. With a clotted top there can be no check upon irregularity in filling, day or 
night, except by constantly watching the filling. But in an open-topjwxi furnace, where the gas 
is taken off through openings not lower than 5 ft. below the top of the materials, if the filling 
were delayed more than half-an-hour, the greater portion of tho gas would begin to escape at tho 
furnace-mouth instead of being drawn off through the gas-openings, ns the surface of the materials 
would be lowered nearly to the level of the gas-opeuings. The fillers’ neglect would then Imj 
detected by an increased flame from the furnace-mouth, ami by the supply of gas to the boilers and 
hot-blast stoves falling short ; and they would be recalled to their duty by the risk of all oorning 
to a standstill from stoppage of the blowing engine. 

This great sensitiveness of blast furnaces as to being kept charged full appears to suggest 
strongly the doubt whether the Staffordshire furnaces are now as high as the fuel would allow of 
their Ix-ing worked profitably ; and whether a gain of yield would not be found to result from 
raising the furnaces. The present height of from 40 to 50 ft. in Staffordshire has been increased 
in the Cleveland district up to 80 ft. and more, and it is considered the limit of height has not yet 
been arrived at in that district. There is no doubt that tho Staffordshire fuel would not stand 
any very considerable increase of height, on account of its friability: but it would at least bo 
desirable to ascertain by trial whether some increase of height would not be beneficial. 

The result of the previous inquiries in which Addenbrooke was engaged as to the best mode of 
utilizing the waste gas from blast furnaces was the adoption of the ojjen-topped plan, with Darby’s 
bell inserted in the neck of the furnace to a depth of 4 ft. 6 in. below the surface of the materials. 
This plan was applied to two furnaces at Darlaston ; and in carrying it out the special points 
attended to were to provide a large gas-main, a large chimney, and large flues to the chimney. 
For this purpose the gas-mains were made 5 ft. diameter, the chimney 10 ft. diameter inside 
throughout, with a height of 160 ft., and the main flues to the chimney very large, 5 ft. high to tho 
crown of the arch and 4 ft. 6 in. wide ; and experience has shown that these dimensions are none 
too large. 

The two furnaces continued at work on this system till September, 1864, when the heavy cost 
of repairs and renewals, with the consequent stoppages and loss in wages, led O. Addenbrooke to 
design the plan which ia shown in Figs. 725 to 731. Fig. 725 is an outside elevation of the furnace 
to which this system is applied. Fig. 726 is a vertical section of the same furnace, showing tho gas- 
openings A A from the furnace into the neck-flue B, and the gas branch-pipe with stop-valve C 
for connecting or disconnecting this furnace from the range of gas-main. Fig. 727 is a sectional 
plan of the furnace taken through the gas-openings A A and neck-flue B. Fig. 728 is an enlarged 
section of the furnace-top ; and Figs. 729, 730, 731, show a vertical section, outsido elevation, 
and sectional plan of one of the segmental boxes or gas-openings. 

These gas-openings or boxes are made of cast iron, and allows of the openings being made bo 
wide that their combined area of passage is amply sufficient for the passage of the gas, without 
the depth of the opening being more than 15 in. ; in consequence of which they do not require 
to be inserted lower than ahout 5 ft. down, and still leave a fair height of 4 ft. above them for 
variation in the level of the top of the materials charged. The boxes are cast very strong, as shows 
in Figs. 729 to 731, and the openings through them are made at such a slope that nothing except 
very light dust can be carried through them by the gas in regular working, unless it be a bit of 
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a continuous ring of openings round the furnace, as shown in the plan. Fig. 727. having the lower 
end of the. slopes opening into tho furnace and the upper end opening into the large external 
gaa-fluo B, Fig. 728, which surrounds the neck of the furnace. These castings take the place of 
so many courses of lining bricks, and after they have been fixed, the lining fire-bricks are con- 
tinued above them to the 
top of the furnace. Const- 
dering their strength and 
situation, the castings ap- 
pear likely to be aliiKJst 
permanent. As they 
stand flush with the face 
of the lining, the whole 
area of the throat of the 
furnace is left free for 
charging : and when tho 
furnace is full, and any 
portion of the gas passing 
off at the surface of tho 
materials, no damage can 
be done to the openings 
or any }>art of the gas 
apparatus. In case of 
the top of tho materials 
sinking below the gas- 
openings, any damage is 
prevented by shutting tho 
gas-valve 0 at once, when the whole of tho gas will be burnt at the mouth of tho furnace, but 
without injury occurring to any part of the appuratus, as is unavoidably the case with the wrought* 
iron gas-main proceeding from a bell inserted in the top of the furnace. 

Tho largo gas-flue B surrounding the neck of tho furnace is lined with fire-brick, and is 4 ft. 
3 in. high to the crown of tho arch, by 3 ft. mean width. The outside of the furnace from a littlo 
below the bottom of tho flue upwards is cased with wrought- iron plates, to which is fixed a light 
iron gallery D for the convenience of cleaning out tho flue B. A scries of openings E E are mado 
in the outer side of the flue all round, ns shown in the plan, Fig. 727, which are closed by pieces 
of boiler-plate, daubed with moistened fire-clay, and held in their places by crossbars and wedges ; 
by means of these the whole of the neck-flue eon bo cleaned out in a few minutes anv time 
that the blast is off the furnace. The bottom of the flue is placed at a lower level than the bottom 
edge of the gaa-o]>euings A A, Fig. 728, in order that the dust carried over with the gas may bo 
allowed to accumulate in the flue, so long as it does not interfere with the gas-openinga, and it con 
be easily cleaned out when required. Experience of tho wortyug of this plan of furnace-top proves 
that, from the increased area of the gus-openiugs as compared with other plans, the gus does not 
pass nearly so rapidly out of the furnace, and, consequently, has not the power to carry nearly so 
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much dust into the flue. The sectional plan. Fig. 727, shows tliat there are fifteen gas-openings 
A A round the neck of the furnace, 23| in. wide and 11 J in. high on the square, each giving 270 
sq. in. clear opening, making a total area of 4050 sq. in. for drawing off the gas : whereas the single 
central opening of the bell of 4 ft. ti in. diameter previously worked in the some furnace, which was 
as large a ante as could be conveniently used, gave an area of only 2290 sq. in. for drawing off the gas. 


^ 2 ». 



or only 50 per cent, of the area now obtained with the present neck -openings. As the gas-openings 
give a total area of 4050 sn. in. for the passage of the gas, while the descending gas-main supplied 
by them being 4 ft. 6 in. diameter has an area of only 2290 sq. in., the velocity of the current of 
gas through the openings is necessarily only half what it would be where a bell or centre opening 
is used for drawing off the gas, as in tho latter ease the gas-opening to the furnace cannot be made 
of larger area than the descending gas-main of 4 ft. 6 in. diameter. 

Notwithstanding the temporary kind of construction tliat was adopted for trial in the first fur- 
nace, the gas-openings made with only 2-in. cast-iron plates lasted more than a year, and stood 
some of the severest treatment that a fumace-top can oe exposed to, in eonsequonce of a sort of 
fuel being tries! at one time which proved a total failure, and with which the furnace was unable 
to drive at oil ; and eonseouently for two days the whole throat was at a red heat. It was expected 
that when the furnace did drive below where the oj»ening« had been, they would be found to have 
given way. They had not, however, completely given way in any instance; ami, though the plates 
were very much bent, they remained at work a great part of a year afterwards. Their standing 
so well is to be attributed to their position, in the outsido of the furnace instead of in the centre ; 
and also to tho effect caused by closing tho valve on tho top of tho descending gas-main, so that 
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no gas or flame could then pass outwards through the openings, as there was no longer any current 
to draw the beat tlirough the openings. Had a bell lieon at work in the centre of the furnace-top 
in this instance, the only way to save it would have been to disconnect it and lift it out entirely ; 
but this could not have been done till tho materials in the furnace throat had lowered themselves 
below tho mouth of tho bell. 
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As the gns-openinga are now cast, as shown in Figs. 729, 730, 731, it is anticipated they will 
stand for many years. 

Details of Blast Furnaces. — Fig. 732 show's plan of hearth of blast furnace at Fly mouth Iron 
Works. Fig. 733, plan of hearth of blast furnace at Khymney Iron Works. Fig. 734. horizontal 
section through hearth at level of tuyeres, showing tuyeres and pipes in position, of large 18 ft. 
blast furnace, Dowlais Iron Works. Fig. 735 represents sectional plan of hearth of cupola furnace 


732 . 
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at Dowlais. Fig. 736 is a vertical section, and 737 plan of hearth of Aberamman furnace, showing 
tuyere-openings both in sides and breast ; Fig. 738, plan of hearth of blast furnaces, Oldbury Iron 
Works ; Fig. 739, section of valve-chest, witn three passages, placed on blast-pipes of hot-blast 
furnaces, to direct the blast either through the stoves or at once into the furnaces at pleasure. 
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Figs. 740, 741, show a section and plan of a cinder-fall, in which is fixed a wrought-iron crane C; 
a cast-iron plate having its upper edge serrated to facilitate the removal of large mosses of cinder: 
a cast-iron trough A, almut 0 ft. long, to convey the fluid metal from the tapping-hole H, to the 
easting-bed or refinery B, B ; two troughs <i a are fixed on the cinder-bed, for guiding the fluid 
cinder into the tubs t. 

Various plans for collecting furnace- 
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Another plan. Fig. 744, which has also been extensively adopted, consist* of a lid fitting closely 
to the furnace : this lid i* lifted by means of a counterl>alanee weight W, on each occasion of 
charging materials. No reduction in the working height of the furnace is caused by this arrange- 
ment, but the time during which the throat i* open while 
the cover is being lifted, the material* filled in, and until 
it is again shut close, is very prejudicial to the ijunlity of 
the gas. It is commonly stated, says Trunin, that no gas 
| ni ss4*s while the cover is up; but this is an error: the 
same quantity of gas is evolvid from the furnace whether 
the cover be open or chsad ; but if it is open, a largo 
quantity of atmospheric air also passes into the pipes, 
increasing the bulk of the unprofitable gases, and thereby 
reducing the heating j>ower of those that are combustible, 
as well as endangering the apparatus by causing a great 
increase of tem|ieraturv in the pipes. 

A third plan. Fig. 742, in use at some works is very 
readily applicable to existing furnaces (1862). An imu 
cylinder of 6 or 7 ft. in depth, and <i or 8 in. smaller in 
diameter than the throat, is sunk into the furnace ; a 
flange on the top, which rests upon the brickwork inside 
the tunnel-hi-ad, forms a joint and sustains the cylinder. 

The annular s|mce between the cylinder and furnace 
underneath the flange and above the materials forms a 
chamber for the ascent of the gases, which are conveyed 
a wav through a suitable pipe or tunnel. 

This plan also has its disadvantages. The duration of the cylinder is subject to great variation. 
In some cases it is burnt down in two or three weeks, and, under more favourable circumstances, 
seldom lasts longer than a few months. The cost of the cylinder, and tho delay and expense 
attending its so frequent renewal, are formidable items in the working cost of this plan for 
collecting gns. 

This method is also subject to the disadvantage of mincing the working height of tho furnace. 
The cylinder, says Truran, is kept full of materials, it is true ; but they receive very little heat 
while tiiey are in it, ns the hot gases are drawn into the outside flues, and do not enter the 
cylinders. It must be conceded that the capacity, and consequently the smelting power, of the 
furnace is diminished by the space occupied by the cylinder and chamber for collecting the gas. 
If the cylinder is immersed 7 ft., one-tenth of the caiNicitv of the furnace will be useless so far as 
the reduction of metal is concerned. The deficiency of smelting |>ower is still greater with the plan 
first described. 
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A fourth plan, Figs. 745, 746, of collecting the gases is considered by some engineers as the lco*t 
objectionable. At a convenient depth, generally 8 or 10 ft. from the top of the furnace, an annular 
flue is constructed around the brick lining, with a number of orifice ojtening downward* into tho 
body of the furnace. This plan leaves the form of the throat and the arrangements for filling 
unaltered. From the descending direction taken by the orifices communicating with tho furnace, 
they are not liable to obstruction from the materials, and the supply of gas is probably more regular 
than with either of the other plans. 
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Outlines of blast-furnace interiors used at Rhytnncy are shown in Figs. 754, 755. 

Fig. 756 shows the type adopted ut Sirhowy ; 757, Ebbw Vale; 758, 759, 760, 761, Dowlala 
Iron Works; 702, Hirwain; 768, Aheramiunn ; 764, Pentyrch ; 765, Isidore ; 766, Staffordshire; 
767, Stafford; 768, Tipton; 769, 770. Shropshire; 771, 772, Corbyn’s Hall ; 773, Alfretoo; 774, 
WUkie; 775. Stockton ; 776, Kinniol; 777, Dandy van: 778, Muirkirk; 779, Vniacedwyn; 780, 
Ystalyforn New Furnace; 781, Ystalyfem Old Furnace; 782, Abernant ; 786,787, French; 783, 
784, 785, American; 788, Silesian; 789, Norwegian; 790, Belgian; 791, Prussian; 792, B&ermn ; 
793, 7*. H. Hartz. 

See Blowing Engines. Furnaces. Iron. Kilns. Ovens. Puddling and Puddling Machines. 
Rolling Mills. Squeezers. Steam-hammer. Steel. Tuyere. 
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BLAST-PIPE. Fr., Tuyau dt rarefaction ; Ger., Zugrohr ; ITAL., Tubo di scarico. 

See Detail* of Engines. 

BLIND AREA.— The same os an Area-drain, with the addition of cross-walls at intervals, 
usually built to assist the dwarf-wall in supporting the earth at its back. A blind area is inferior 
to an area-drain, as the cross- walls interfere with the 
circulation of the air* 

BLINDING. Fit., Gran'er; (»ER., Grvbe Sand; 

ITAL., fntawtura Insaf/biatncnto. 

8<*) Roads. 

BLOCK. Fr., Poulic; Ger., Block; Ital., QirtUa; 

Span., Polfa . 

See Pullets. Tackle. 

BLOCK or BLOCKING. Fr., T,ujuel ; Ger., 

Ecklcittc ; Ital., Jlinforci. 

Small pieces of wood fitted and glued into the interior angles of two pieces of stuff to strengthen 
the joint. See Figs. 795 to 797. 
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BLOCKHOUSE. Fn., BtocMunu; Geb., BtockSavs ; Ital., Ridotio Coperto; Span., Palawpu. 

See Fobtifi cation. 

BLOCKING -COURSE. Fa., Lc denn* tfun comiche; Gkr., Obercr Theil ernes AamiVw ; 
Ital., Ultimi corn. 

Blocking - Course. — In ma- 
sonry, a course of stone planed 
on the top of a cornice. 

B L O O M. Fb,, Lc**r* ; 

Geb.. fVuchluppe; Ital., Mm- 
s otto; Seas., Changote. 

A mass of crude iron from 
the puddling furnace, while 
undergoing the first hammer- 
ing previous to being rolled, is 
ter nm l bloom. 

BLOOMING MACHINE. 

Fb., Machine A cingUr ; Geb., 

/Vg m wrii I*rcs*e; Ital., Jfa c- 
chifpi da far i masteUi. 

The blooming machine, in- 
vented by Jeremiah Brown, U 
shown in Figs. 798, 799, 800. 

It aoxurisfci of three large eccen- 
tric rolls A B C, placed hori- 
aon tally in the strong bolster* 

0 I), the centres of the rolls 
being arranged in a triangular 
position, and the bottom roll 0 
ltfing nearly central between the 
two top rolls A B. Those rolls 
all rotate in the same direction, 
and are driven by a centre 
pinion E, working into three 
pinions of equal sire F F l 1 , 
fixed on the roll-spindles. In 

the present machine the driving 

power is applied direct to the 
bottom roll by moans of the 
largo wheal G, for the con- 
venience of earning the main 
shaft under the floor. The rolls 
arc cast solid, with their jour- 
nals like ordinary rolls, and uro 
driven by coupling-boxes and 
spindles II 11. 

The roll-faces arc 1C> in. 
long, and the bottom roll has, 
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nt each end, strong flange*, 8 in. deep, between which the two upper roll* work. The object of 
these flanges is to upset or compress the ends of the bloom, as the iron is elongated during the 
operation and the ends are form! against the flanges, which makes them square ami sound. The 
top roll A has a lnrge hollow in which the puddled ball I is placed by the puddler ; this roll 
carries the ball round, and drops it into the space between the throo roils, as shown in Fig. 798, 
this space being at thnt moment at its largest capacity. 

The three projecting points K KK of the rolls immediately impinge upon the ball, and eom- 

f iress it forcibly on three sides; and, giving a rotating motion to the ball at the same time, they 
lave a powerful kneading action upon the iron, squeezing out the cinder, which falls down each 
aide of the bottom roll. The space between the rolls gradually contracts, from the spiral or eccen- 
tric form of the rails, and the iron is subjected to an increasing pressure, until it is liberated by 
the points LLL. simultaneously passing the bloom M, which falls in the direction of the arrow 
at the same moment that another ball is dropped in at tho top of the machine. The projecting 
teeth on tho surface of the rolls assist this action, by seizing the iron and kneading into it as it 
rotates ; these teeth gradually diminish in projection, the last portion of each roll being plain, 
consequently tho bloom is turned out in a smooth, compact form. 

The space between the flanges of the bottom roll is widened for a short distance beyond tho 
point L, for the purjioao of allowing the bloom to fall out readily and admitting the fresh 
ball. 

In order to prevent the rolls from being broken by any unusual size of ball, the machine is pro- 
vided with two large triple-threaded screws N N, which bear upon the journals of ono of the top 
rolls B ; a small pinion on the head of each of these screws works into a large pinion fixed between 
them, which lias a horizontal lever fixed to it, carrying a balance-weight O at the end. This weight 
causes a constant equal pressure of the roll, and, if a boll of extra size be put into the machine, 
the screws yield by turning back and lifting the weight to the extent required, so that a lnrge ball 
may be worked in the same manner as those of smaller size*. 

A continual stream of water runs on to all the journals in the machine, thus preventing them 
from heating while the machine is at work. 

BLOWING ENGINE. Fn., Soufierie ; Geb., Gcbiatt ; Ital,, Macchina toffiante ; Span Bofeton. 
See Engines, Varieties of . 

BLOWING MACHINE. Fr., Machine ewiffUmtc ; Geb., Gcblate Maxhine ; Ital., Macchina 
aoffiante ; SPAN., Bofeton. 

A blowing machine is a machine or engine for forcing a strong and continuous blast of air into 
a furnace. 

The first records show blowing cylinders to have been single-acting, that is, having the power 
of propelling the blast when the piston was moving in one direction only. Two or more of these 
blowing cylinders appear to have been attached to ono crank-shaft, worked by a water-whccL. and 
thus a tolerably steady pressure of air was obtained. When tho gradual improvement* of the steam- 
engine and the demand for increased means of manufacture caused it almost entirely to supersede 
all other power, blowing apparatus appears to have been accommodated as much as possible to the 
steam-engine, so a* to afford the character of engine for tho time being the fullest development of 
its power. 

In pursuance of this object, the single-acting atmospheric engine of Newcomen was attached 
to a blowing cylinder, which propelled the air from the upper side of the piston only ; and in addition 



to the water-regulator. Fig. 801, which 
appears to have been known at an earlier 
date, there was attached a cylinder, B, 

Fig. 802, now known as the regulating 
tub, which was equal to or larger in 
diameter than the blowing cylinder. In 
this was fitted a piston G, with a rod 
moving in a guide fixed on the open 
top of the regulating tub, the Itottom of 
the latter being close, and having an 
open connection to the main from tho 
blowing cylinder. The piston in the tub 
was loaded at H to the pressure of blast 
required, and in the intervals between the discharges of the blowing cylinder, the descent of the 
piston in the tub kept up the discharge of air into the water-regulator, which intervened between 
it and tho furnace; thus in effect, as far as possible, making the engine double-acting. To prevent 
the piston being blown out of the regulating tub, a large safety-valve was attached to the top of 
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the rod by a strap, long enough to allow the desired play of the piston, and short enongh to lift 
the safety-valve, or snorter, as it is usually termed, if the piston at any time exceeded its limits; 
and the number of strokes of the engine was also regulated by the tub-piston, as to it the cataracts 
were attached. 

When the double-acting engine* of Watt were introduced, the regulating tub was still retained, 
though not nearly so essential a part of the machine as in the former instance*. 

The next change that took place was the general abandonment of the water-regulator, though 
some of these are still at work, or have been within a few years. The reason for this change was 
the discovery that the air in summer, already surcharged with moisture, took up an additional 
quantity from passing over the surface of the water in the regulator, and that this was prejudicial 
to the working of the furnaces. 

When the large area of the water-regulator was shut off, it was then found that the tub was by 
no means such a perfect regulator as it was supposed to be, ns the momentum of the engine passed 
too suddenly into the heavy piston of the tub, and, throwing it up much beyond the height due to 
the pressure of the air, caused an irregularity that was even more aggravated by its descent. To 
counteract this, n spring-beam was placed on the top of the tub, so ns gradually to check the 
momentum of the piston ; and this hod some effect, but not at all a satisfactory' one. 

The next alteration which appears to have suggested itself, was the application of large air- 
chamber*, from twelve times to thirty times the area of the blowing cylinder, in which the elasticity 
of the compressed nir acted ns the regulator of the discharge ; the tub, with its piston, being in 
some cases retained to work the cataracts, and as n tell-tale against the engine-men in case of 
their allowing the steam to slacken and the piston to descend. In other case* the tub was dispensed 
with altogether. 

We now enter upon the Inst change which took place some thirty years ago, namely, the coup- 
ling of two double-acting engines, and double-acting blowing cylinders upon the same crank-shaft 
at right angles, so ns to keep up a regular discharge. This effect was in some measure obtained; 
but an niM'hamlter, or what is equivalent to it, very large mains, was still required to obtain a 
satisfactory result. 

At this point the realized improvements of the blowing engine stop short, leaving it still a large, 
cumbrous, and expensive machine, and not capable of moving through its valves the highly 
elastic medium air at a greater rate than the absolutely HON-Kuumc fluid water is moved 
through an ordinary pump. Under these circumstance* it must lx? obvious that, after all the 
engineering talent that haa been spent on this description of engine, there is still (if the expression 
may he applied) a wide range of discovery open. 

The immediate cause of my attention being attracted to the improvement of the blowing engine, 
snvs Archibald Slate (to whose paper, read before the Inst, of Mechanical Engineers, wc are indebted 
for the present article), was the difficulty experienced in rogulnting one of the old construction of 
blowing engine in the latter part of 1848, having at the same time occasion to employ some small 9-in. 
cylinders driven by the air of the large blowing engine. These small cylinders, when driving the 
shafting only, sometimes attained a velocity of upwards of 200 revolutions a minute, suggesting the 
idea of the possibility of reversing their motion, and taking in the air in place of blowing it out through 
them : there was, however, a difficulty in the slide-valve, which did not open ami shut fast enough. 
After some consideration, it was ngreed that another cylinder should be prepared, the centre-port 
inode much larger, and the slide over-travelled nearly half its stmko in excess, which had the 
desired effect ; a cylinder of 9 in. diameter, and 1 ft. stroke, having been driven 320 revolutions or 
040 ft. a minute, discharging the air. nt a pressure of 3} lbs. the square inch, through a tuyere of 
1| in. diameter, or ^th of the area of the blowing piston. This performance was in 1890 more than 
double that of any ordinary engine, the total area of the tuyeres with a 90-in. blowing cylinder, 
beta" at a pressure of 3J lbs. about 52 circular in., or rfjth of the area of blowing piston. 

We aro all acquainted with the tremor which is felt even in the best form of the large-sized 
engines : but in the experiments at a high velocity with the smnll-sized cylinders, not the slightest 
jar was felt or noise heard ; it was therefore proposed to increase the spew! of the piston in actual 
practice, from 640 to 7">0 ft. a minute, the length of stroke being 2 ft. in place of 1 ft. ; this is some- 
what under the speed of a locomotive piston at 40 miles an hour, which is about 800 ft. a minute, 
so that it was conceived no difficulty could present itself to this. The proposed speed of 750 ft. a 
minute was three times the usual speed of tno blowing engines then in use (250 ft. a minute).' 

The construction of the engine proposed by A. Slate is shown in the accompanying drawings. 
Fig. 804 is a plan, and Fig. 803 an elevation of the engine, showing the pair of Btcmn-cyltadera and 
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blowing cylinders ; A A are the steam-cylinders, 10 in. diameter and 2 ft. stroke ; It B blowing 
cylinders,. 30 in. diameter and 2 ft. stroke, with their pistons C, fixed on the seme piston-rods D, 
which are connected to two cranks E, fixed at right angles to each other on the same shaft. The 
slide-valves F of the stcam-cylindcrs are worked by the eccentrics G on the cranked shaft, and the 
cranks H, at the outer ends of the same shaft, work the slide-valves I of the blowing cylinders. 
The centre-port K paasea downwards to an external opening for the admission of the air. and the 
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discharge-ports LL deliver into the passages M on the top of the cylinder, which communicate 
with the air-main N by the chest O formed between the cylinders. The piston of the blowing 
cylinder is intendtxi to be made without any packing, being a light hollow rajit-imn piston turned 
to an easy fit; and the slide-valve of the blowing cylinder to have a packing-plate at the bock, 
working against the cover of the valve-box, with a ring of india-rubber inserted between this plate 
and th« back of the valve, to give a little elasticity. 


WM. 



It appears that 30 in. diameter is about the moat convenient size for a stroke of 2 ft. ; and as it 
is considered an advantage to have the stroke as short as possible, to increase the regularity of tho 
blast, the comparative cost of the different engines which follow has lM>en taken upon this basis, 
^j-in. steam-cylinders and xV.-in. blowing cylinders being reckoned equal to blow one of our largest 
furnaces, making 160 tons of iron a week, and having a surplus equal to blowiug a cupola or 
refiner)', as it is generally allowed that such an engine would give at 610 ft. a minute the same speed 
of piston as in the experiments, very nearly 30 circular in. of tuyere, at a pressure of 3.J lbs. to tho 
aq. in. The circular inch is used in speaking of the area of tuyere, as the Mast that any furnace is 
taking is usually reckoned by simply squaring the diameter of the tuyere, but the pressure is taken 
on the square inch. 

The experiments on which these calculations were founded, having been made in 1849, were 
repeated in 1850, and the results were found to be, as marly as they could be measured, the same; 
tho blowing cylinder had in the interval boon driving the lathes in the pattern-shop, and the slide 
was found perfect. An indicator was applied with a view to test the amount of friction of the air 
in entering the cylinder at the high velocity, and a simple method was adopted of ascertaining this. 
A tuyere was made as large as the inlet-port, and the engine was driven to nearly or quite 700 ft. 
a minute, when the gauge showed a pressure of 1 of a lb. to the square in., and aif the friction would 
t>e the same through the same sized openings at other pressures, it follows that the loss by friction, 
on a pressure of blast of 34 lbs. the inch, would be ^th or 6| per cent, loss ; as the port in this case 
was -Ath «f the area, and the port proposed is Jth, it is assumed that the loss would not exceed 
5 per cent, from this cause, or indeed from any other cause, as the friction from propelling the air 
through a given sized tuyere, at a given pressure, must be the same in both cases. 

We extract a description of a set of six blast-engines, made for the East Indian Iron Company, 
from a paper by Edward A. Cowper, read before the Institute of Mechanical Engineers in 1855. 

These engines were made to the plans and under the superintendence of Charles May, the con- 
sulting engineer to the East Indian Iron Company, by James Watt and Co., to the drawings prepared 
by E. A. Cowper. 

The engines are six in number, two pairs of them being intended to blow air at 2 llw. the 
square in. as a maximum pressure, and the other pair to blow air at 4 lbs. the square in. as a 
maximum pressure. 

Fig. 805 is a side elevation of the engine complete, with crank-shaft, wheels, and other fittings. 

Fig. 806 is a vertical section through the steam and air cylinders, and their valves and passages, 
and the branch air-pipes. 

Fig. 807 shows a sectional plan taken through the air-valve, and the air-passagea and branch 
air-pipes. 

The general form and construction of the engine is that of a Pedestal or Table Engine ; the air- 
cylinder A stands on a short pedestal, and itself forms the pedestal or table on which the steam- 
cy Under B stands. The foundat ion-pin te is 6 ft. square, and carries a wrought-iron crank-shaft C 
in four plummer-blocks, having two light fly-wheels D D. one on each end of the shaft, and the two 
eccentrics E E for driving the air-valve F, one on each side of the air-cylinder, and the eccentric G 
for driving the steam-valve II, in the centre. The Bteam-piston has one piston-rod fixed in a short 
cross-head I at the top, and this cross-head has two other piston-rods, lor driving the air-piston, 
which pass down outside the steam-cylinder through stufliug-hoxes in the cover of the air-cylinder, 
and are attached to the air-piston. The long cross-head K, taking tho connecting-rods to the 
ernnks, is attached to the short cross-head by a pin, so as to allow a little freedom in case of unequal 
wear; the guides L L are attached to the steam-cylinder cover. V is section of air-valve. 
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The lir-nke F in mode under Archibald Plate’s patent. It consists of a ring or crown valve 
entirely enclosing the air-cylinder, and is not self-acting by the pressure of the air in any wav, but 
is moved by the -fiair of eccentrics E E at the proper times, so as to give ample passage for the air 


80S. SCO. 



to move with the greatest freedom, and the valve has such a proportion of lap as to cause the air to 
be compressed up to the working pressure before it is delivered, thus giving the engine no more 
work to do than is necessary. 

The openings or passages for the air from the air-cylinder 
to the valve are extremely short, and the bars between the 
openings are made inclined, so as to cause a regular wear on 
the brass packing-rings which form the rubbing-face of the 
valve. The body of the air-valve is made of thin sheet iron, 
neatly curved to two turned cast-iron rings, to which it is well 
secured by a great number of small bolts. These rings are 
bored out inside to receive the brass packing-rings before 
mentioned, which are secured in their places by bolts. Thom 
are no springs to the brass packing-rings, but they are bored 
out to a perfect fit to the outside of the air-cylinder, and are 
then cut into eight pieces, and, should any wear take place, 
they can bo at once adjusted by introducing a thin sheet 
of paper behind them and screwing them fast in their places again. It should, however, bo 
remarked that this valve is under totally different circumstances from any that have hitherto been 
made, as it is perfectly in balance, or rather it is suspended freely, slides up and down a turned 
cylindrical surface, and therefore there is no tendency or power to cause wear under any variation 
in the pressure of the air. The mode in which the two eccentrics drive the air-valve is by means 
of a Gyrnbal King; that is to soy, there is a wrought-iron ring encircling the air-valve and attached 
to it by two pins opposite each other, and the eccentric rods are attached to the ring at two other 
points at right angles with the first : thus the air-valve is perfectly free. 

The air-cylinder A is 30 in. diameter and 2 ft. 6 in. stroke, and the piston makes 80 strokes a 
minute. The air-piston is packed with hemp-packing, and has a ring to screw it down ; the screws 
are so arranged that they can be got at by simply unscrewing small plugs in the cylinder-cover, 
when a socket-spanner can be introduced to screw the ring down. The air passes into the air- 
cylinder beyond the end of the valve, first at one end and then at the other, and is delivered into 
the hollow part of the valve, from which it escapes through two light oonper branch-pipes M M, 
placed opposite each other, and having turned joints fitting turned collars fixed on the valve. The 
other ends of the pipes rest on a small surface or shelf prepared for them, and on which they slide 
backwaids and forwards about $th in. These ends of the pipes are curved in the same manner as 
the other ends, so that the faces are in one plane, and the air-main, Fig. 805, has the faces of Hi 
branches surfaced to receive them; thus the air is taken equally from each aide of the air-valve. 

2 r 2 
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The steam -valve H has considerable lap, and ia so proportioned As to cut off the steam jnst after 
the half-stroke and have a very free exhaust. 

The Ixtilere are on the Cornish plan, and will be chiefly used with wood aa fucl.and the furnaces 
are made proportionately large for this purpose. The boilers are fed by a donkey engine entirely 
independent of the blast engine, so that they are complete in themselves, and there ia no fear of 
getting short of water whilst the blast engines stand for tapping, at which time indeed the boiler 
should always be fid, if only to k«*ep the steam down a little. 

The engines having to be transported some distance up the country, a limit of weight was given, 
namely, 1 ton for any one part or the engine; and in accordance with this limitation the total 
weight of a pair of these engines is only 1 1 tons as compared with 25 tons, the weight of an 
ordinary blast engine of equal power ; and the weight of the heaviest single niece of an ordinary 
engine is 4$ tons as compared with 1 ton, the weight of the heaviest piece in tlie new engines. It 
is, therefore, evident that the engine can be moved with the greatest facility ; and the first pair put 
to work here for trial simply stood on some balks of timber, and a few small bolt* through the 
bed-plates were sufficient to hold them and cause them to work quite steadily; whereas for 
the ordinary engine a strong building with massive foundations has to bo erected. 

The method by which a high speed for blast engines has been attained is simply that of 
moving the air-valves for the air, having of course very large valves and tmssages, instead 
of letting the air itself move the valves. This arrangement ut once prevents all blow and jar in tho 
working, provided that the lap and lead of the valve are properly proportioned, and allows of 
the piston being driven at a high velocity, and consequently its diameter may bo reduced and its 
stroke shortened. This mode of working, combined with the fact of two engines working together 
as a pair with their cranks at right angles, causes such uniformity in the flow of the blast that no 
regulator of any kind is needed ; indeed, the variation is hardly perceptible in a mercury gauge 
placed on a very short length of main, whereas the variation on the ordinary plan is very con- 
siderable. The pair of engines are arranged to blow H000 cub. ft. a minute, and are speeded to 
80 revolutions a minute, which with 2 ft. 6 in. stroke makes 400 ft. a minute, and this they do 
with the greatest case and efficiency, owing to the exact manner in which the lap, lead, and are* 
# of passages, Ac., are proportioned. 



Tho following account of the blowing engine in use at the Dowlaia Iron Works, is taken from 
a paper in the Transactions of the Institute of Mechanical Engineers, read by Win. Menelaus. 

The blowing engine was erected in 1851, and is shown in Figs. 808 to 811. Fig. 808 is a side 
elevation of the engine, and Fig. 800 an end elevation. Fig. 810 is an enlarged vertical section 
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of the blowing cylinder. 
Fig. 811 in a vertical auction 
of steam-valve*. The blow- 
ing cylinder it* 144 in. in 
diameter, with a stroke of 
12 ft., making 20 double 
strokes a minute, the pres- 
sure of the blast being 
3| lbs. the square in. The 
discharge - pipe B is 5 ft. 
diameter, and about 1-10 yds. 
long, thus answering the 
purpose of a regulator. Tlio 
area of the entrance air- 
valves is 56 sq. ft., and of tho 
delivery air-valves 16 sq. ft. 
The quantity of air dis- 
charged at the above pres- 
sure is about 44,000 cub. ft. 
a minute. 

The steam-cylinder C is 
55 in. diameter, and has a 
stroke of 13 ft., with a steam- 
pressure of 60 lbs. the squaro 
in., and working up to 650 
horee-power. Tho steam is 
cut oft’ when the piston bos 
made about one-thinl of its 
stroke, by means of a com- 
mon gridiron- valve A near 
the bock of the slide-valve 
E, as shown enlarged in 
Fig. 811; there is also on 
one side of the nozzle a 
small separate slide-valve B, 
for moving tho engine by 
hand when starting. The 
cylinder-ports are 24 in. wide 
by 5 in. long, and the slide- 
valve E has a stroke of 1 1 in. 
with }-in. lap. The engine 
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i.i non -condensing, and the steam is discharged into a cylindrical heating tank 7 ft, diameter and 
36 ft. long, containing the feed-water from which the boilers are supplied. Under the steam- 
cylinder 0 there are about 75 tons of cast-iron framing, and 10,000 cub. ft. of limestone walling 
in large blocks, some of them weighing 
several tons each. 

The beam H is cast in two parts, of 
about 164 tons each, the total weight 
upon the beam-gudgeons being 41 tons; 
it is 40 ft. 1 in. long, from outside 
centre to outside centre, and is con- 
nected to the crank on the fly-wheel 
shaft I by an oak connecting -rod, 
strengthened from end to end by 
wrought -iron strops. The beam is 
supported by a wall L across the house, 

7 ft. thick, built of dressed limestone 
blocks, to which the pedestals M are 
fastened down by twelvo screw-bolts 
of 8 in. diameter. The fly-wheel I is 
22 ft. diameter, and weighs about 
85 tons. 

Eight Cornish boilers are employed 
to supply the steam, each 42 ft. long 
and 7 ft. diameter, made of i^-in. best 
Staffordshire plates, and having from 
end to end a single 4-ft. tube, in which 
is the fire-grote, 9 ft. long. 

For some time this engine supplied 
blast to eight furnace* of largo size, 
varying from 16 to 18 ft. across the 
fashes; it is now blowing, with three 
other engines of small dimensions, 
twelve furnaces, some of which inako 
upwards of 235 tons of good forge pig- 
iron a week, the weekly make of the 
twelve furnaces being about 2000 tons 
of forge pig-iron. With the exception 
of the cylinders, made and fitted at the 
Perron Foundry, Truro, this engine 
and boilers were made at the Dowlais 
Iron Works, and erected according to 
the design and under the superintend- 
ence of Samuel Truran, the Company’s 
engineer. 

B fairing Enginet at Creusot. — 

Schneider and Co’s, works at Creusot 
include amongst their plant seven 
blowing engines, three of these being 
horizontal engines of an old type, and 
the other four direct-acting vertical 
engines ; one of these latter is shown in 
Fig. 812. It will be seen that the blow- 
ing cylinder A, which is 108$ in. in 
diameter, is placed below the floor of 
the engine-house, the steam -cylinder, 
which m 47$ in. diameter, being over- 
head. The two pistons B B are fixed 
on one red, and their stroke is 6 ft. 

6$ in. The piston-rod C passes through 
the top of the Bteain-cylin<ler, and is 
attached at its upper end to a crosa- 
head working in suitable guides. From 
the cross-brad a conner/m/7-rorf extends 
to the crankshaft, the centre of the 
latter being 25 ft. 10$ in. above the 
floor of the engine-room, and no lees 
Uinn 44 ft. 3J in. above the base of the 
engine. 

The admission of the steam to, 
and its release from, the cylinder are 
effected by equilibrium-m/ve* worked 
by cams placed on a counter-shaft, which derives its motion from the crank-shaft through spur- 
gearing, Thfi engine is of the non -condensing class, and the steam, which is supplied at a pressure 
of 60 lbs. the sj, in., is cut off at one-fourth of the stroke. The speed is usuaJIv 15 revolutions a 
minute. 
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The Kirk less Hall Blowing Engine, designed Lj Robert Wilson. 
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The blowing cylinder is fitted with a number of small flan- valves, O, O, arranged on each cover, 
as shown by Figs. 812, 813. One-half of each cover, it will be noticed, is devoted to the inlet, and 
tho other half to the delivery valve*. The blast is delivered at a pressure of 6| in. of mercury, or 
rather more than 3 lbs the sq. in., and the quantity delivered is 80 per cent, of that due to the 
capacity of the blowing cylinder. The four engines, which are appropriately named the Simoun, 
Hirocoo. Mistral, and Ouragnn, arc placed in one engine-house, ana they sene to supply blast to 
twelve blast furnaces. 

The Kirkless //nil Bloving Engine*. — These fine engines were constructed by Nayamith, Wilson 
Company, fmm the designs of Roliert Wilson, for the W’ignn Iron and Goal Company. 
Their whole arrangement is shown in Fig. 814. The engine-house is a handsome detached 
structure about 25 yds. long., (50 ft. wide, and 72 ft. high, and is entered by means of a large 
square tower, having an internal spiral staircase, with doors communicating with the several 
galleries in the engine-house. Chi the top of this tower is placed a balcony, from which an 
extensive view of the surrounding country is obtained. The interior of this tower is entered by a 
flight of stone steps. The first impression on entering the engine-house is one of complete 
astonisluncnt, there being little of the ordinary appearance of an engine-house to be seen. 1 here 
are two handsome iron galleries extending round the whole of the interior; some feet la-low the 
first are acen the immense engine-beams, each beam being about 38 ft. long, and weighing 
upwards of 20 tons. These beams, notwithstanding their enormous sire and weight, move as 
easily and gently as if they were the merest toys, and this without the usual control of a fly-wheel, 
which, in this instance, is entirely dispensed with. Here we see the beautiful and novel valve 
arrangement by means of which these monster engine* are worked. When the engines were first 
designed, the valves were intended to be worked by the ordinary tappit-motion, because, having 
no rotary motion in any of their parts, the application of any other but this old arrangement was 
considered impracticable ; but, on starting the engine*, it was discovered that this motion did not 
allow sufficient latitude to admit of their being worked at the different speeds required to suit tho 
varying nuinlterof blast furnaces that might from time to time be in operation. Robert Wilson seeing 
that the engines could not bo worked satisfactorily with the old motion, at once applied himself to 
the annlyzation of the difficulty, with a view of producing a more efficient arrangement for working 
the engines, and the result of his investigations was the invention of a modification of the Cornish 
valve-gear, which, on being applied, was immediately found to answer most admirably every 
requirement. 

The engine-house contains three pairs of engines, each pair consisting of one high-pressure 
steam-cylinder, 45 in. diameter ; one low-pressure steam-cylinder, tjfi in. diameter ; and two 
blowing cylinders, each 100 in. diameter — one of the latter being placed about 17 ft. above, and 
directly over each steam-cylinder ; the stroke of all these cylinders being 12 ft.: the steam- 
cylinders are worked together by means of the large beams before described, of which there are 
two to each pair of engines. The high-pressure cylinders are placed on the left-hand side of the 
engine-house, and the low-pressure ones on tho right-hand side, and are connected by beams working 
with connecting-rods from the cross-heads. The motion which works the valve-gear is on the low- 
pressure side, and is carried across the ongino-house beneath the floor, *o that by means of one set 
of hand-gear, the eight valves of the two cylinders are easily controlled by one man, or worked by 
the engine itself, as may he desired. This, in itself, is considered to be a triumph of mechanical 
skill, and the smoothness of action, the perfect accuracy of every part, and the superior style of 
workmanship and finish of this motion, is of such a character as to attract the attention of even 
the roost unprofessional spectator. The six air-cylindi-rs, each weighing upwards of 25 tons, are 
placed upon stone piers, and on a level with the bottom of these cylinders is fixed the second 
gallery, and round the tops of them are* fixed airy-like but sulmtantinl balconies, which are 
reached by means of an iron staircase at each end. These cylinders are fine 8|>ecimens of English 
workmanship ; in fact, there are few engineering establishments besides the Bridgewater Foundry 
where such cylinders could have been cast, 
bored, and finished, in the style these are. 

Fan Blast Machines . — These machines are 
very common ; they are used to urge the fire 
of steam boilers, and at puddlinr/, re-heat iruj, 
and cupola furnaces , where anthracite is 
bunted ; and at cupola furnaces, where coke 
is used for re-melting pig iron in foundries. 

Fig. 815 shows a section of a common fan. 

The two sides of the case are, in most in- 
stances, made of cast iron, and held together 
by the screw bolts a, «, a, a , These bolt* reach 
through l>oth sides, and their length is there- 
fore espial to tho width of the machine, which 
varies from 6 to 20 in. The space between 
the sides is occupied by a strip of sheet iron; 
this strip determines the width of the ma- 
chine, and reaches all round the fan, forming 
the circular part of tho case. The wings of 
tho fan, marked 6, b, b, 6, are sometimes of 
sheet iron ; they are fastened to iron arms set 
upon the axis, and rotate with it, and they 
occupy a different position in. different fans. Some are set radially, others inclined more or leas 
tangentially. Some are straight; others have a slight curvature. On the whole, no marked 
difference between the one form of wings and the other results, so far as effect is concerned, if no 
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blunders Against the laws of mechanics are made. The fans with curved and short wings do not 
make so much noise as those with straight, radial, and long wings. The opening c, which receives 
the air, to be pressed out at '/, must Iks of greater or leas diameter, according to the size of the fan 
or width of the wings. Broad fans require sucli an opening on each side. Small fans, of but *5 or 
8 in. in width, work sufficiently well with one inlet. The diameter of a fun is seldom more than 
3 ft., and from various reasons it can be shown that a larger diameter is of no advantage. The 
number of revolutions of the axis. or the speed of the wings, is very seldom less than 700 a minute; 
this speed may be considered sufficient for the blast of a blacksmith's forge and small furnaces. 
At large furnaces or curias, we frequently find the number of revolutions as many as 1800 n 
minute. The motion of the axis is generally produced by means of a leather or india-rubber belt, 
and a pulley of from 4 to 0 in. in diameter. 

Among the great variety of forms in which these fans havo made their appearance, one, shown 
in Fig. 810, is worthy of notice;. The wings of this fan ore encased in a separate box ; a wheel is 
thus funned, which rotates in the outer box. 

Fig. 810 shows a horizontal section through 
the axis. The wings are thus connected, 
and form a closed wheel, in which the air 
is whirled round, and thrown out at tko 
periphery. The inner case, which revolves 
with the wings, is to be fitted as closely os 
possible to the outer case, at the centre near 
n, «j, a, <i ; for no (lacking can, in this case, 
be applied, ami there is a liability of losing 
blast if the two ciralcs do not fit well. 

As the building of this apparatus re- 
ceives much attention in machine shops, 
and as the leading principles involved in 
its construction are very little known, we 
shall designate such point* as may be 
deemed of great ku|iortance by those who manufacture fans, which is frequently the lot of the 
iron manufacturer himself. The outward case should be strong and heavy ; and the interior 
machinery, which revolves, as light as possible. For this reason it should be made of the best 
wrought iron, or, what is preferable, of steel. Four wings produce quite as much effect as a greater 
number. It is, therefore, useless to exceed tlwt number. The greatest attention must be paid to 
tlie gudgeons and pans ; it is advisable to make both of steel, or, better still, to run the two ends 
of the shaft in steel points. The wings are to be exactly at equal distances, and of equal weight ; 
otherwise the strongest case will be shaken. The surface of each of the wings should be at least 
twice as large as the opening of the nozzle at the blowpipe. 

The pressure of the blast from a fan is proportional to the square of the speed of the wings, 
with a given diameter of the fan. The pressure gains simply in the ratio of the diameter, or speed, 
provided there is the same number of revolutions. The increase of speed is in the ratio of the 
increase of the radius. The pressure in the blast is produced by ceutrifugal force. The atoms 
of air, after being whirled round by the wings, are thrown out at their periphery by a fore© 
equal to the centrifugal force resulting from the speed of the wings. This centrifugal force may 



bo simply expressed by c is the speed in feet per Becond; g tho speed of gravitation in tho 

first second ; and r the radius of the fan. According to this, the effects of a fan ought to lie far 
greater than they actually are; therefore a remarkable loss of power must take place in those 
machines. It is thus very clear that the iucrcase of diameter augments the effect of the machine 
in a numerical proportion, while an increase of revolutions adds to the effect in tho proportion of 
the square. It is also very clear that an increased diameter greatly increases the friction, whilo 
the increase of speed does not augment it in the least. The friction, in these machines, is the 
greatest objection to their use ; therefore the movable (»rts should be as light as possible. Fric- 
tion increases in the ratio of the weight, where the materials are the same, but not with an 
augmentation of speed, at least, not in the same ratio. From practical observation, tho following 
formula lias been deduced, in which <i is tho speed of tho fan, that is to say, it represents the 
number of foet which tho wings make in a second ; 6, tho surface of the nozzle ; c, the surface 
of a wing; and </, the velocity of the escaping blast. This formula we couceive to be the proper 


dimensions of a fan ; d = (* 73) x 


V*' 


Soo Centrifugal Pump. 


O wynne and Co.’s improved combined Hteam gas-exhauster and air-blower, shown in Figs. 817 
to 821, is a design of one constructed to pans from 10,000 to 12,000 cub. ft. an hour; but these 
exhausters can bo constructed to any capacity that may be required. On Figs. 817 to 821, B is 
the case, C the spindle, D the bed-plate, E suction-pipe, F discharge-pipe, G standard for engine, 
II H slides to piston, I steam-cylinacr, K slide-jacket, L disc, M piston-rod, N connecting-rod, O 
eccen trio-rod, P steam exhaust-pipe. 

This blower is composed of an outer casing or cylinder B, fitted with top and bottom plates, ono 
of which plates is constructed with a stuffing-box and gland, through which passes the spindle C. 
on which is firmly fixed an inner cylinder, dotted in the figures. This inner cylinder is slotted 
through the ceutre, which slot is fitted with two sliding plates or pistons made air-tight to the slots 
and working air-tight against the inner periphery of the outer cylinder. 

The two cylinders, as shown in the figures, are set eccentrically to each other, so that the bottom 
of tho inner cylinder touches the bottom of the outer cylinder. 
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When the spindle C is set in motion bv the Bteam-engine or other method, as may be arranged, 
the slides continue to pass in and out, and thereby take up the air or gas which enters through the 
pipe E and is expelled through the pipe F. 

The machino is fixed to a firm cast-iron bed-plate, so as to be perfectly portable ; and combining 
in itself its own motive-power, it requires little or no foundation. 

These blowers have been applied most successfully to gas-works and mining purposes, and may 
lie constructed to work up to considerable pressure, if required. One of these exhausters is being 
very successfully worked by the Llanelly Gas Company. 

Figs. 817, 818, 819, show the above-s]>ecified arrangement. 

Figs. 820, 821, illustrate an arrangement to be driven by a strop or by hand-power. 
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BLOW-OFF COCK. Fb., Robinct de cidange ; Geb., Aiubkishahn ; Itai~, Chian di sfogo. 

flee Details of Enqisbb. 

BLOWPIPE. Fb., Chalumeau ; Geb., IMhrohr ; Ital., Tubo fcrrumintorio ; Sr AN., 

Canuiillo. 

Soo Amayino. Oxy-hydrogen Blowpipe. 

BOARD. Fb., Blanche; Ger., Brett; Ital., Tavofa; Span., Tab/a. 

Board , or piece . — Timber cut into thin slabs le*w then 2J in. in thickness aiul more than 4 in. 
wide are called boards. The term is usually applied to fir and elm, while the same thickness of 
oak, mahogany, and so on, is generally called /Junk. 

Boards cut from 7-in. stuff are called batten-boards, from 9-in. stuff deal-boards, 
and from 11-in. stuff plank-boards. 

Fir boards 1J in. thick are called whole deal, and those which are full half-an- 
inch thick are called slit deal. Boards, Fig. 822, which are thinner ou one edge 
are called feather-edge boards. 

BOARD and BRACE WORK. Fr., Lier I’crnpanon acre Careticr; Geb., 

Halbsparren mit den Waimsparren ; Ital., Commettitura a canale e tavola sottile. 

This work consists, Fig. 822, of boards with 
grooved edges, into which thinner boards are inserted. 

BOARDING. Fb., MMw; Ger., Brctter- 
verschtag, BretterwanJ ; Ital., Tavolato. 

Boarding. — This is a general term for various 
kinds of work to which boards are applied, as gutter- 
boardin>], slate- f >oarding, weat he r-boarding, wound-boarding, 

BOARDING -JOISTS. Fr., Soliveaux; Geb,, 
palco. 

See Joists. 

BOASTING. Fb., Ebaucher ; Ger., Roh-Behauen ; Ital., Shoxxare. 

Boasting , in stone-cutting, is pairing the stone with a broad chisel and mallet, bo as to leavo 
regular marks like ribbands or small chequers. It is also applied to a margin-draught round the 
edges of the stone in hammer-dressed work. 

BODY-PLAN. Fr., Section verticale ; Geb n Sixintenrisx ; Ital., Proiexione vertical*. 

In ship-building, the body-plan, Fig. 824, is descriptive of the largest vertical and athwart- 
ship section of a ship. This plan fixes by orthographic projection the heights and widths of the 
principal lines of a ship. 

The orthographic projection is that projection which is made by drawing lines from every point 
to be projected perpendicular to the plane of projection. 

A horizontal line supposed to he drawn about a ship's bottom at the surface of the water is 
eallod the water-line, which is higher or lower according to the depth of water necessary to float 
the vessel ; light water-line, the lowest water-line, or that of a vessel when unloaded ; load water- 
line, the highest water-line, or that of a loaded vessel. 

The sheer-plan is an orthographic projection of the lines of a ship on a vertical longitudinal 
plane passing through the middle line of the vessel. 

Bwly-pian, sheer-plan, and half-breadth plan , are on Boctional pianos supposed to pass through, at 
right angles to each other, the largest portions of the principal dimensions of the ship. The half- 
breadth plan is descriptive of half the widest and longest level section in the ship. This plane is 
a horizontal one passing through the length of the ship at the height of the greatest breadth. On 
tlilw plane the position of any point in the vessel may be fix id by orthographic projection, as to 
widtn and length. The three planes on which the projections are established are rectangular 
co-ordinate planes passing through tho eeutre of the vessel; the three perpendicular lines which 
transfer any given point to each of these planes are termed the co-ordinates of that point. Naval 
architects, John Scott Russell excepted, lay down the lines of a ship on the three co-ordinate planes 
by a good old rule, culled the rule-of-thumb, which has not as yet been submitted to mathematical 
investigation. 

In passing, it may be necessary to remark that one naval architect, J. W. Griffiths, works from 
a model which ho whittles out of a piece of soft wood, by the good old rule before named. Upon 
this system Griffiths has written a large work. 

Scott Russell lays down the lines of a ship by well-defined laws, which he establishes by 
abstract reasoning and experiment. 

Russell is a gnat performer as well as a great thinker ; he stands out in bold relief from 
among the great men of the extraordinary time in which we live. We give from his great work on 
Naval Architecture his method of laying down the lines of a ship, on what he terms the compound 
wave-principle. Bcott Russell says : — 

I will begin by taking the easiest problem which can ever be submitted to the constructor of 
a ship. I will suppose a case, which very frequently occurs in practice, that a certain length 
of ship is to be built — a certain breadth is given — a certain deepest draught of water and a 
certain lightest drought of water, and that these are about the ordinary pro(>ortions of a ship ; — 
that no particular weight is to be carried, or work to be done, beyond sailing well, or steaming at 
a moderate speed, and that the purpose to be served is a fair, common mercantile trade, such as 
ordinary vessels will moderately well perform;— and I will take for granted that the owner 
expects from the naval architect, what he may reasonably expect from a man of science and skill, 
that his vessel will be somewhat faster, easier, safer, and more economical, and therefore some- 
what more valuable, than a vessel built, without design or calculation, by an unskilled man. 
This is a task of tho most ordinary kind to tho naval architect. 

There are two wavs in which he may set about building his vessel : he may either tako the 
model of the vessel, which is already tho best that has been applied to the trade in question, and 
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improve upon her; or he may at once throw all precedent overboard, and give his employer an 
entirely new design. The undertaking then will sijecdily shape itself as follow*: — His extreme 
length and extreme breadth being given, he may determine a midship section, such as will give 
him the requisite carrying-power, with good sen-going qualities. Next, he will determine a 
water-line, which will give the highest speed and least resistance of which that length admits ; 
or he may decide to fit her for a given speed only, and adopt a water-line of greater capacity fit 
for that slower speed. Thirdly, he will adopt a convenient form of deck, for the use and navi- 
gation of the ship; and on these principal {joints he will fill in, what I will call ‘‘a skeleton 
design," and frame an approximate calculation of tho qualities of the ship, which we will also call 
“the skeleton calculation." 

To Construct the Midship Section . — It is in tho choice of midship section that the naval architect 
is left free to exorrise, with the greatest liberty, his own absolute judgment. In tho water-line 
he lias little or no choice; Nature bos fixed tfiat for him. If he meddle with it, he shows his 
ignorance or presumption, and Nature sends her due punishment, by refusing to deal kindly with 
tho spoilt water-line; but the midship section he may vary to his heart’s content. He may give 
the ship every sort of quality by choosiug it ill or well ; and with a given water-line he may 
produce all Borts of ships. 

To illustrate this latitude of choice, and to follow out the consequences which arise from each 
kind of choice, I will take three midship sections, and carry them through all the stages of design 
to their ultimate consequence; and I will further suppose it necessary that they should all have 
the greatest speed the length will allow. 

The first of these sections is to carry extremely little cargo, to have little room, but to go as 
fast as she can 1 m' made to go with all the sail and itcHHIOTO she can carry. These are tho 
practical conditions of the yacht or thp cruiser, the opium clipper or the privateer. What such a 
vessel roquires can readily be contrived, for the conditions given make the midship section, and 
leave very little to the choice of the constructor. Such a ship must be all shoulder and keel, 
and nothing else; — alie will be like a racehorse, lanky and leggy: by being all shoulder, with 
very little under-water body to carry, she will jmssess the maximum of power with the minimum 
of weight; — her fault will (je, that she must have an enormous keel, to prevent her from going to 
leeward ; and this great mass of dead wood, or of solid iron keel, exposes a large surface to the 
adhesion and friction of the water. Nevertheless, it is the form of greatest power with least 
weight. The bottom of this midship section may be formed in two ways, — it mav either be made 
elliptical, to have a minimum of skin for adhesion, and be reconciled to this deep keel by two 
hollow curves ; or it may be reconciled to the keel by a loug wedge-bottom. I prefer the elliptical 
bottom for iron ships; but the other, or peg-top shape, has been much used in wooden ones. 
See Figs. 824, 825, 826. 

I will next suppose that the capacity, thus got, is too small for carrying remunerative cargo, 
and that a cargo hold, of a capacity more usual with mercantile vessels, is required ; in that case 
I keep the same shoulders, and give a larger under-water body. See Figs. 827, 828, 821). 

I will uow take a third design. The Bhip is to carry as much as is not inconsistent with good 
sea-going qualities; and she is to have room, also, for boilers and machinery of considerable power. 
This requires her aides to be nearly upright, her bottom dead flat amidships, with only so much 
oflf her bilges as will not be inconsistent with what site is to receive inside. This the form and 
arrangement of her boilers and machinery will generally determine, and the boilers and machinery 
in such a vessel should he treated as ballast, and kept low. See Figs. 830, 831, 832. 

In regard to these three midship sections, it is to be noticed, that they are prescribed in some 
measure by the UBesof the ship; but the forms I have mentioned come entirely from the judgment 
of the constructor, and whether they have been wisely or injudiciously selected, must be judged of 
after the calculations have been made of the various qualities to which they give rise. 

But there are one or two [joints which (jeeur to a coiurtructor. at the first glance at these forms 
of under-water body. It is plain, the first is easiest, and the last hardest, to drive. It would 
require much more sail to drive the two last, than the first; and it is equally plain, that the first 
is much better able to carry sail than the last. The area of midship section of under-water 
body is tho thiug to be driven; the area of the sail is the driving-power: but the power of tho 
shoulders to carry the sail upright limits the quantity of sail the ship can carry. The bulk 
of the under-water body brings with it two evils,— resistance to being driven through the water, 
and under-water buoyancy tending to upset the ship. 

It is plain, from these considerations, that the first shape is suited for a fast ship under sail 
alone, the last is suited for a fast ship tinder steam alone, And the middle form may do for a 
moderate quantity of both— for what is called “the mixed system." 

Of these three vessels we may also form the following augury, before proceeding to precise calcu- 
lation. The first ship may be powerful, wcatherly, lively, and fast. The last vessel may be tender, 
easy, sluggish, and roomy. Bv a proper mixture, we may obtain, in the intermediate vessel, any 
compromise among these qualities for which we have a fancy. In this choice there is ample 
room for the display of skill and the exercise of judgment; but it will be first necessary to 
complete onr skeleton design and our trial calculations. 

We have said nothing as yet about the parts of midship section above water ; but it will bo 
noticed, that these grow naturally out of the form adopted under water; and it will be observed, 
that we have proportioned the above- water body to the under- water body. The object of this is 
to give adequate lifting-power in a sea-way, in proportion to the heavier under-water body : but 
of this we Bhall have more to say. 

In three designs, the midship section (so-called) is far from being actually amidships, being 
placed at the point of greatest breadth, or nearer the stern than the bow. in the proportion of 
4 to 6. 
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7b Construct the Chief WatcrAine. — For the side-view of a ship, or vertical section, draw a 
horizontal line, representing her whole length at the main water-line, and erect at the ends of it 
two perpendiculars. This line I shall call henceforth the length of the ship, the length between the 
perjwndicuUtrs, or the construction length. These perpendiculars, also, are to be ruling elements of 
construction, and will be colled the perpendiculars. Divide the length between the perpendiculars 
into ten equal parts; take four of these abaft for the length of the run, and six of these forward 
for the length of the entrance. Describe a semicircle on each half of the chief breadth. Divide 
the length of entrance and this semicircle into any, the same number, of eoual parts ; the distance 
of the water-line from the centre-line, opposite each division in length of the entrance, will be the 
distance of each corresponding division of the semicircle from the same centre-line, and a line 
through all the points thru found will be the true wave water-line of the bow. The water-line of 
the run will be different from this in one respect only, — it will be necessary to draw parallel lines 
to the centre-line through each of these divisions of the semicircle, which it may be convenient to 
call the semicircle of construction , as shown in Figs. 826, 829, 832. On each of these lines points 
may be found, just as if it were a bow-line. These lines must be prolonged aft beyond the points 
thus found to a distance equal to that part of the line intercepted between the semicircle of 
construction and the main breadth. The last-found points in the parallel lines give the line 
of main breadth. 

Thus we have formed the chief water-line of the bow and of the stem, or the lines of entrance 
and of run for the greatest speed which the given length will admit. The lines thus given are 
absolute, and will admit of no deviation without some loss. Nevertheless, some modification in 
the application of these lines may l>e admitted as expedient, and one of them is obvious. It will 
be seen that the point of the bow is so extremely sharp, that it would be in continual danger of 
cutting everything which it touched, and, being as fine as a razor, would run risk of being crushed 
by rough usage. The stem also, for the rough work of a ship, must be of a considerable thickness ; 
and the practical question at once arises: How shall we Alter the line at the how to get this 
thickness? Shall we cut the fine part off, and shorten the vessel? To this tho answer is, that if 
you do, the vessel will have become too short for the length settled. The way I use, is to draw 
the l>ow to a few feet longer than I intend to retain, and then to cut off the excessive length of 
this water-line to the exact length that I want to keep. I thus find a thickness of a few inches 
remaining between the two sides of the water-line, which is just thick enough for the materials of 
the stem : by this means I get the extreme length I require, and I also get the strength of stem, 
which is necessary for durability and lad usage ; and it will be noticed that the bow, which I thus 
gain, is of slightly greater capacity than the first attenuated line. This I call, therefore, tlte 
corrected water-line of the bow. No such adjustment is necessary at tho stem : it is enough there to 
insert the stern-post, simply by increasing the breadth between the lines to admit the thickness of 
the stern-post,— a deviation insufficient to cause a sensible difference in the performance of tho 
ship. 

There is another modification of these water-lines of the. fore-and-after bodies, which may 
require further consideration. We have put both entrance and run in the same plane, with the 
intention of leaving them so in the construction of the ship ; but this is only our first intention, 
and we must be prepared afterwards, on good reason shown, to change it. The main water-line 
may require to go lower or higher in the vessel than we now propose, and the after-part of it nwy 
have to go higher or lower than tho fore-part, in order to gain some advantage ; but we shall effoct 
this change, if necessary, without in any way altering the character of the line already drawn : 
we shall only alter the height at whieh it ahould be placed, and that we shall not do unless 
required. 

The Sheer-plan. — This give* the entire outline of the ship, as we look at her sideways, Fig*. 825, 
828, 831. The top line, or upper boundary, is the line of her deck or bulwark, or, in short, tho 
top of the ship, which must be laid down in order to construct the chief buttock-line in section (4) ; 
the bottom is tho lino of her keel ; tho front is the line of her stem, or cutwater ; and the after-part 
Is the line of her stem-post. 

I begin with the stem. I make that line follow the form of the chief buttock-line, and 
gradually grow out of it. This ought to be so, because buttock-lines bound equal thicknesses of 
the ship, and a stem is merely a thin slice of the ship, and therefore follows one of the buttock- 
lines. As a matter of beauty and of reason, therefore, it must bo made a buttock-line, in order 
tliat its outline may harmonize with the general form. 

The form of tho stem, therefore, will depend on the decision taken with regard to the deck-line 
and the buttock-line. If the deck-line be kept well aft, so that the main buttock-line tumbles 
bent, the stem altove the water will be curved backwards, and so be in unison with the tumble- 
home bow; and it will be the contrary, if the fashionable clipper-bow be adopted. Above tho 
water, however, the mere form of the stem itself is a matter, to some considerable extent, of taste * 
or fancy. If the general character of the bow give good buttock-lines, it will not much matter 
whether the stem to whieh they are joined curve out or in, except that it will be olways moro 
comely that the stem should harmonize with the character of the bow, of which it forms a 
conspicuous outline. Men who hesitate to give it a decided character, express their imbecility by 
leaving it perpendicular. 

Below the water, on the contrary, the form of the bow is of the greatest practical value. It 
has long been usual in this country to carry the stem down to an angle with the keel, to continue 
the keel far forward to meet the stem, and so form what is called the fore-foot of the ship, giving it 
a great gripe, or hold, of the water. This gripe and fore-foot have every bad quality, — being weak 
in structure, and making the vessel hard to steer. I systematically cut it all off. following the 
shape of the other buttock-lines; and, further, I carry this rounding n great way bock, — perhaps 
to one-sixth of the whole length of the ship. By this I not only diminish the fore-gripe and ease 
the steerage, but I keep the stem and the fore-foot out of harm's way; and I have often known 
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this both to save repairs and to contribute to the safety of the ship. When turning round in 
narrow channels, when steering in intricate or shallow waters, or i>crforming evolutions under 
difficult circumstances, the fact that there is no thin, protruding part near the bottom, to touch or 
strike the ground, to bo broken off, or to impede or alter the fnovement or direction of the ship, is 
often of the very highest consequence. By a gentlo curve at the stem, therefore, I keep the fore- 
keel and the fore-foot out of harm’s way ; and I generally do the same at the stern, where dead 
wood can !>e spared. By curving thp after-part of the keel upwards, like the stem, we may often 
save both keel and rudder, and we certainly facilitate the ship's coming round. Of course it is 
done to a much less extent at the stern, as several feet of gripe at the bow will correspond with a 
few inches of trim by the stern. 

But, while I thus curve the keel and fore-foot, I keep the whole central part of the keej 
perfectly straight, hut for no other purjxwe than to be able to support the middle of the ship on 
blocks in the dock. This is an obvious necessity, for otherwise the keel would rest only on points, 
instead of being uniformly supported ; and in the dock it is rather an advantage than otherwise, 
that the two ends of the ship should not he borne by the blocks, unless they should require special 
repairs, for which purpose they must be propped up when needful. 

Wo have as yet said nothing about the inclination of the keel. It is not necessary that it 
should be parallel to the water-line, except where there is a narrow limit to the extreme draught 
of water, in which case the keel should be parallel to the load water-line : in most other cases it 
should incline downwards at the stem, so as to draw more water abaft than forward. In the case 
of screw-steamers of large power, it is imperative to have this draught, in order to get the screw 
sufficiently large and sufficiently under water for effective power; and further, it is convenient, in 
sailing vessels, to be able to carry a largo Bail area on the after-part of the ship, for which greater 
depth of keel aft than forward affords the necessary facility. It is convenient frequently, for the 
same purposes, that a vessel, when light, should draw very much more water aft than forward, and 
that her lading should bring her down gradually to even keel. It is usual to call this greater 
draught aft than forward, technically, the difference of the ship; and it ia reckoned a main element 
in her triin. 

Another element in the sheer-plan is the rake of the stem-post, and this also is a matter in which 
great licence can be allowed to the constructor, ns it affords him great resources, out of which to 
further the uses of his ship. He may either plant his stern-post straight up and down; so ns 
to make the rudder pivot fairly ; or he may throw the head of the rudder back behind the perpen- 
dictilar, at an angle ; or he may throw the heel of the rudder forward of the |>erpendicular ; indeed, 
he may make the line of the rudder cross the perpendicular at any angle he may choose. In the 
first case, he will maintain the balance of his original draught. In the second case, he will extend 
the dead wood and increase the lateral resistance of the ship to leewardliness. In the third case, 
he will diminish the lateral resistance, but increase bnndiness. In every intermediate degree 
between these two, he will gain one of these qualities at the sacrifice of the other. 

The effect of this inclination on the rudder itself must not, however, be forgotten. The incli- 
nation of a rudder increases its power to turn the ship, but it also increases the resistance which 
the application of rudder offers iu every degree to the progress of the ship through the water. The 
action of the rudder, as has been already stated, is of the nature of a hindrance to one side of tho 
ship, so as to allow the other side to go forward with greater speed, and thus turning the ship; 
but the inclination of the rudder-post has a double effect, by which, when the rudder is held over, 
not only is one side of the ship hindered, but a certain quantity of the water which strikes the 
rudder is diverted upwards as well as to one side. Nevertheless I have no hesitation in recom- 
mending a certain amount of rake of stem-post to be given where very great power of rudder 
is wanted. 

Next after rnke of stern-post comes the question of rake of counter and rake of Btora. I am 
in the habit of allowing the outtock-lines to decide for themselves the rake of the counter, so that 
wheu the stern is deep in tho water the counter may be a continuation of the true form of the ship 
and of her lines. A good counter of this sort will, therefore, help the ship, instead of hindering 
it, especially when the stem happens to be buried in tho waves. As to rake of stem, I am not sure 
that that is more than matter of fancy ; excepting for convenience, it ia better that the stem 
should mke outwards, than that it should tumhlo homo ; and even tho Americans, who have 
extremely small stems, always give them some rake. 

We have not yet done with the sheer-plan. The upper bound ing-plan, or that which appears 
to the eye to finish tho ship above, is called the aheer-tine This also has been called matter of 
taste merely ; but some |x*iuts of it have more or less reason. It iB a matter of fact that, in looking 
at a ship the upper bonnding-line of which is perfectly level, she is apt to have the appearance, 
contrary to the truth, of being rounded down, — that is to say, with a hump in the middle and a 
droop at the ends; and this is universally agreed to Ixs so ugly, that considerable spring at the bow, 
and somewhat less spring at the stern, are necessary to counteract it. From experience one may 
say, that in a vessel 200 ft. long, it requires about 2 ft. of rise at the bow and 8 in. at the stern to make 
her seem straight, and as matter of beauty and custom this is generally exceeded. 

So much for the quantity of sheer, or spring, to be given fore and aft. The quality of it depends 
on the exact curve which may be adopted for the sheer. I adopt a parabola as the Bheer-curve, 
and proceed as follows. Dividing the vessel into ten equal parts, six forward and four abaft, I rise 
forward successively 1, 4, 0, 10, 25, and 36 in.; and abaft, $, 2, 4J, and 8 in. This gives a total 
spring of 3 ft. forward and of 8 in. aft, and makes the bow 28 in. higher out of the water than 
the stem. This proportion will serve very well from 200 ft. long up to 700 ft., as the larger vessel 
does not require an increasing spring: but for smaller vessels than 200 ft. these quantities would 
be in excess. Nevertheless it is to be observed that, even in very Bmall vessels, especially when 
low on the water, a considerable spring forward is useful to keep them dry. I am, therefore, of 
opinion that there would not be much harm in extending my proportions, given above, to a con* 
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sidorably smaller size of vessel than I have stated. However, it is not a matter on which there is 
anything dogmatic to be said. 

The sheer-line is important in its structure thus far, that it is usual to make the planking of 
the upper part of the ship, the line of porta, and the lines of the decks, follow the line of sheer : 
I say, a mat ; but I have found it very convenient and useful to deviate from this practice, and to 
make the decks follow any line that may l»e convenient for the internal arrangement*. For 
example: — where I have wanted to obtain a large and roomy forecastle without deforming the 
vessel by raising this forecastle above the bulwarks. I have obtained it by running the line of the 
deck straight forward on the level, and so following the level of the water-line, instead of the sheer 
of the bulwark. In this way, the height of the top of the bulwark above the deck, which amidshipa 
might be 5 ft., might become 8 ft. at the stem ; and I am not aware of any practical inconvenience 
arising from this, which is not much more tlian compensated by strength and usefulness. 

To Construct the Chief Vertical Lomjitudin*il Section, or Jhdtock-line.— In the construction of this 
line there is much room for judgment : for, although it can hardly be said to possess such remark- 
able properties of its own as the water-line and midship section, it lias the power of either increasing 
the good qualities or aggravating the evils which the ship will derive from those two primary lines. 
It is only secondary in importance to these; because by its means all the possible good Bpringing 
from the others may be favourably developed, marred, or neutralized. It happens also tlxat this 
has not heretofore received the attention and study it deserves ; in most designs it is not even to 
be found. In my belief, its good qualities tend materially to the ease, dryness, comfort, and safety 
of sea-going ships. Inland And fresh-water ships may perhaps neglect it with impunity; but a 
practised eye can detect in the faults of this line almost instantaneously the bad sea-going qualities 
of a defective design. 

I place the chief buttock-line in a vertical plane parallel to the plane of the keel and the perpen- 
diculars, nr central plane of the ship, and at one-fourth of her breadth from this plane on both sides. 

In ordinary ships this line will be found to be of a most variable, vague, and nondescript character. 
I hove adopted for it the vertical line of a Ben-wave, and I believe that its conformity to that shape 
has everything to do with the case of tho vessel at sea. The vertical section of the common sea-wave 
is the common cycloid. This must Is? elongated for a long, low vessel, and com press ed for a short 
one. Three points through which it must pass have already been determined by the midship 
section, and by tho water-lino ; because, os this line is distant from the centre one-fourth port of 
the breadth, it must cross those three lines where they cross this vertical plane. 

These throe, are, however, the only points which do not admit of free choice: and it remains a 
part of the skill of tho constructor to adopt such a cycloid as may consist with his general design 
and with tho use of the ship. Each of the three midship sections, Figs. 824, 827, 830, which I have 
given, places the bottom of the buttock-line at a different depth under the water, and each of the 
three requires a different cycloidal line to fit it. The nature of this cycloidal line has been for a 
few centuries known to mathematicians and philosophers as the only line in which a pendulum can 
bo swing that its vibrations, whatever their extent, shall be equal-timed. It happens that there is 
a remarkable analogy, as we have already seen, between the swing of a pendulum and the roll of 
a ship ; there is an equally strong resemblance between the forces which exist in a wave and the 
force* which act on a pendulum : the mathematics of a wave and tho mathematics of a cycloidal 
pendulum are nearly identical. 

When therefore, says Russell. I discovered that the forces which replace the water in the run of 
a ship are of the same nature as the forces actuating a wind-wave at sea in the vertical position, I 
naturally found in this discovery a key to the vertical lines of the after-bodv of a ship: and I contrived 
the vertical lined of the fore-body, in the belief that wiml-wav; a coming into collision with a body 
already perfectly fitted to the form which they themselves take in undulating, unresisted, free 
motion, would not be broken, but would have free way, ami that they glide as smoothly over the 
face of a solid cycloid as the layers of the Bnme wave glide over one another. On nutting tho 
auestiou to the waves themselves, they decided that it was no, and a vertical cycloid thus became 
tiie buttock-line of the bow of an easy and dry ship above the water, just as it had already become 
the easy run of the wave of replacement in the stern of the ship. 

The chief buttock-line, therefore, is described in the following manner The after-part is 
formed from a semicircle, the bottom of which is at the intersection of the midship section with 
the vertical plane, and of which the uppermost point is as high out of the water as we choose to 
carry the bulwark. From this we describe a cycloid, as shown in Figs. 825. 828. 831. and wo cut 
off as much of this cyloid as we choose, to adapt 'the portion of the stem beyond the perpendicular, 
a point which is a matter of room and comfort merely. For tho bow we have the choice whether it 
shall much overhang the water, or rise up pretty square, or tumble home. For a vessel low in tho 
water I sometimes adopt the first ; for a vessel high out of the water, never. I believe that, on 
the whole, a tumble-homo form of bow is the dryest and easiest at sen : and there is also the vertical 
cycloid between the two. Each proportion and kind of vessel has its corresponding cycloid. In 
the case we are now considering, the vessel with a small under-water body has a flare-out bow. 
The fuller under-water body has a vertical buttock-line, and the fullest has a tumble-homo bow. 
The first. Fig. 825, of these gives what is called the diaper-bow. The second and ‘third, Figs. 828, 
831, give what I may claim, says Russell, to call my bow. This bow has the quality of giving 
roununess, fulness, and capacity, in combination with the fine, hollow, unresisting entrance of the 
wave water-line. 

On the Main-deck Line . — I call the mnin, or chief deck-line of a ship, tho outline of that deck 
which is meant to be kept in all circumstances well out of the water, and in ordinary circumstances 
not to be swept by the waves. It is this which constitutes the chief gun-deck of a war-vessel, on 
which it is necessary, in all ordinary weather, that the ports should be open without the sea 
entering. There have been war-vcasels in which this deck was generally under water; "but they, 
after long experience, were named coffins ; so I shall keep my definition. 
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